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PREFACE

Machine drawing may be considered as:

1. A final stage of a course in mechanical drawing.

2. A course in practical drafting.

3. A transition course between mechanical drawing and machine design.

4. An introductory or first course in machine design.

5. A course for the correlation of drawing and engineering.

The importance of such a course is well recognized but the means of

attaining success is not so readily available as for many other courses.

This book is planned to make available a guide for the development of

an understanding of the relation of machine drawing to engineering.

The text is kept as brief as a clear presentation of the subject matter

permits. It is designed for advanced courses for students who have had

previous instruction in mechanical drawing. A brief chapter on ele-

mentary principles is given as an introduction to the course and for re-

view purposes or reference.

A complete treatment of the subject of working drawings, drafting-

room practice and idiomatic expressions of the engineering language is

followed by a chapter on the principles and practice of dimensioning.

The classification of size specification by means of two kinds of dimen-

sions, six cases of the elements of dimensioning, and four systems of

dimensioning will, it is hoped, make this subject a definite study.

A study of the common machine details, empirical machine design,

jigs and fixtures, etc., are included as properly belonging to an advanced

course in machine drawing.
A textbook obtains much of its value from the number, variety, and

character of the problems which it contains. The collection of problems
in this book (about two hundred) is arranged under headings in a single

chapter where they can be conveniently found. Necessary instructions,

hints, and references to the text are given so that the student has a definite

task whether assigned a simple machine part or the study of a complete
machine. The problems are presented by layouts or other specifications

so that the instructor is relieved of the preliminary details which or-

dinarily arise when assigning machine drawing studies.

The scope of the text and the variety and extent of the illustrations

and problems is such that it is believed that the special needs of thorough
courses in machine drawing in technical institutions can be efficiently

served. C. L. S.

COLUMBUS, OHIO,

September, 1921
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MACHINE DRAWING

CHAPTER I

ELEMENTARY PRINCIPLES

1 . In the practice of engineering there is a constant dependence upon
mechanical drawing as a means of specification for machine construc-

tions. Its use in the industries has led to the development of what might
be called applied mechanical drawing as distinguished from the theory

taught in mechanical drawing and descriptive geometry. This applica-

tion has brought about certain practical modifications or variations from

theory.

The drawings which represent present practice in the description and

specification of machinery are called machine drawings.
2. The Pencil. For good work it is important that the pencils

should be of uniform quality and of the right degree of hardness. Use an

H or 2H pencil for lettering, figuring, etc., a 4H for detail drawings and a

QH for design drawings.

Fia. 1. The Pencil Point.

3. The time consumed as well as the quality of the drawing depend

largely upon the attention given to keeping the pencil point carefully

sharpened. Remove the wood with a knife as at I, Fig. 1, being par-

ticular not to cut the lead. With fine sandpaper or a file shape the lead

to a long conical point as at II. For line work many draftsmen use a

"chisel" or
"
wedge" point, shown at III.

1
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;4; t
The Scale. Scales are used for measuring and "laying-off"

distances. For 'machine drawing the mechanical engineers' (or archi-

tects') open divided scale is required. Two common forms are the "flat"

scale, Fig. 2, and the "triangular" scale, Fig. 3. The views which repre-

FIG. 2. The Flat Scale.

sent an object are drawn full size when it is practicable to do so. When
this is not possible, use proportional or reduced scales to lay off distances

on the drawing.
5. The following scales are used on machine drawings, 3" = 1 ft.,

1Y2
" = 1 ft., 1" = 1 ft.,

3A" = 1 ft., V2
" = 1 ft.,

3
/s"

= 1 ft., Y/' = 1 ft.,

FIQ. 3. The Triangular Scale.

Vie" = 1 ft., and Vs" = 1 ft. The scale of 3" = 1 ft., is often called

quarter size, and I
1
fa"

= 1 ft., is called eighth size. These two reduc-

tions are much used on detail drawings.

6. The scale 3" = 1 ft., means that the measurements on the drawing
are one fourth the measurements of the actual object, or that each one

fourth inch on the drawing represents one inch on the object. In this

case a distance equal to three inches is divided into 12 parts, each part

representing one inch. These parts are further divided to represent

quarter inches and other fractions.

7. Half size (6" = 1 ft.) drawings are worked from the full size scale.

In such cases use the half inch for an inch. Never divide the dimensions

of the piece when drawing to a reduced scale. Measure with the reduced

scale and think full size. Always put figures representing the full size

of the machine or part on the drawing regardless of the scale. Distances

measured with different scales are illustrated in Fig. 4.

8. Inking. The ruling or drawing pen is used for inking the lines after

the pencil drawing is finished. Black drawing ink is always used for
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making drawings. Ink is placed between the nibs of the pen with the

quill which is attached to the ink bottle stopper. Care must be taken

r
J rut/Size

/

"
Ha/f Size

O s" 3 - I Ft. or Quarter Size9
ff

II III III

1/2

, _/* I = IFt or Eighth Size
I ~5/i *-|

MITT

963Q
Fia. 4. Measurements to Scale.

to prevent ink from getting on the outside of the pen. The proper
amount of ink is shown in Fig. 5.

Full Size

Fia. "5.

When inking, the pen should be held in a nearly vertical position and
guided by the T square or triangle. Keep the point of the pen away from
the angle formed by the paper and the guide. Do not hold the pen too

tightly, or press against the guide. Both nibs of the pen must touch the

paper. Frequent cleaning of the pen is necessary to obtain good, sharp
lines.
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9. The pens for the compasses are filled and cared for in the same way.
The legs of the compasses should be perpendicular to the paper and ad-

justed so that both nibs of the pen touch the paper. When drawing

small or short arcs a smaller amount of ink should be used in the bow

pen to avoid wider "spots" at the ends of the arcs. When setting to a

Right Wrong _ Wrong Wrong

Pencil' /\
Ink-'

'

^Smoothjoint

I HT

FIG. C. Joining Lines and Arcs.

radius, the ink line should come exactly over the pencil line to make

sure of good joints at points of tangency as in Fig. 6, which also shows the

effect of inking on the inside or outside of a pencil line.

10. Dotted lines should be drawn with careful attention to detail.

A dotted line starts with a dot when it represents the extent of a surface

as at A, Fig. 7, but when part of a line is full a space is left between the

full line and the first dot as at B. At a corner the two dots which form

the angle should touch. Dotted arcs always start at tangent points as in

Fig. 8 which shows a "one dot," a "two dot" and a "three dot" arc.

Fio. 7. Dotted Lines.

*0_

FIG. 8. Dotted Arcs.

ui

Note the positions of the centers and tangent points. The dots must be

of uniform length and spacing whether used for arcs or straight lines.

Make dotted lines much lighter than full lines to give contrast to the

drawing.
The order of penciling and inking when making a working drawing is

given in Arts. 75 and 77. The general order of inking is: arcs and

circles; horizontal lines; vertical lines; inclined lines.
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11. Character of Lines. All pencil lines should be fine, clear, and

sharp. For most purposes continuous pencil lines may be used. If

the drawing is not to be inked the final lines must be distinct but not

too wide. Pencil lines for dimensions, sections, etc., should be fine,

gray lines. A 2H pencil is suitable for making dotted lines on pencil

drawings. ^ ^ - Fuf/ fine for w's/b/e surfaces

Doffedfine ibrfnv/sib/e surfaces

Center tine

Dimension and'extension /ines

-~ Bruken line

Light tine forshaded'drawing

^^^^ "^^^"i^^^ "M"^^^ Shade//he for-shaded'dnyw/ngr

L/ne for/nd/cat/hapos/t/ort of
a section

Usedforcond/f/ortsnot
spec/

;f/ea'above andon
""

graphic charts, etc.

FIG. 9. Sample Lines.

If the drawing is to be inked, it is not necessary to use different kinds

of lines for penciling. The character and weight of ink lines is given in

Fig. 9.

12. For general drawings a fairly wide line should be adopted as it

wears better and gives better results when blue prints are made. The

width of line will depend somewhat upon the drawing. Large, simple

drawings require a wide line, while small intricate drawings necessitate

narrower lines. Drawings which are large and still have considerable

detail in parts require more than one width of line. An experienced

draftsman will use wide lines for the large and simple parts, reducing

them for the complicated places in such manner that the different widths

of lines are not noticeable.

13. Cleaning and Erasing. Drawings which have been worked over

for a length of time become soiled, due to rubbing over the pencil lines

with the T square and triangles, perspiration from the hands, and the

dust which settles on them. For this reason, the drawing board, tools

and instruments should be wiped with a piece of cloth before starting

work. Do not sharpen a pencil over the drawing or board. Keep the
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hands clean, especially if they have a tendency to become moist. All the

tools should be cleaned occasionally with a damp cloth and thoroughly
dried before using. Sometimes the part of the drawing not being worked
on can be covered with an extra sheet of paper.

14. Either pencil or ink lines can be erased when necessary by using a

soft red or green rubber. Always rub in the direction of the line. Do
not use a knife or ink eraser as they destroy the surface of the paper or

tracing cloth. Be sure that an ink line is dry before erasing it. Care and

patience are necessary when erasing ink. Do not dig into the paper or

overheat the eraser by attempting to remove a line too quickly. An
erasing shield of celluloid or metal is convenient to save lines which are

not to be removed. Art gum is very useful for erasing pencil lines and
for cleaning the entire drawing when it is finished.

15. Accuracy and Neatness. The question of time or efficiency

enters into all work and should be considered in studying engineering

subjects. Accuracy and neatness not only save time in the study of

drafting but are absolute essentials if worth while progress is to be made.
Be sure that the paper is tacked down flat on the board and that the T

square head is not loose.

Keep all instruments clean and in proper adjustment, ready for use.

Always clean lettering and ruling pens before filling and after using.

Keep the pencil points sharp all the time. Draw lightly do not

groove the paper.

FIG. 10. A Three-View Drawing.

Pencil lines may run a short distance beyond corners when first laying
out but do not draw them clear across the sheet. Do not draw extra

lines as it takes time to erase them. Consider the order in which the

lines of the different views are drawn, working from the general center
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and "block in" lines to the details. Make similar measurements at

one time. Have a system and follow it.

Do not slight small details or have "fuzzy," indistinct corners and

joints. Make every part of the drawing accurately to scale and per-

fectly clear. Too much freehand work, dull pencils, lack of contrast in

lines, inaccurate measurements and lack of exactness in representation,

make "sloppy" drawings which often prove very expensive. Clear

thinking should be expressed in clear, easily read drawings.

16. Shop Drawings. Drawings for machinery are made up of views

obtained by orthographic projection and arranged in accord with the

third angle. The number of views depends upon the object or construc-

tion to be described, two or three generally being sufficient. Each view

shows the object as seen from a different position; from above (top view),

from in front (front view), and from one side (side view), Fig. 10.

^Ortlt

FIG. 11. A Two-View Drawing.

17. A two-view drawing is shown in Fig. 11. Three views of a black-

smith's "sow" are given in Fig. 12. The top view shows surfaces A', B
and A. The meaning of the horizontal lines which limit surface B cannot

be understood without looking at the end view which shows that the

surface B is on a lower level than surfaces A and A'.

The representation of a sloping surface is shown in the drawing of the

FIG. 12. Reading a Drawing. FIG. 13. "Projected" Area.
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"swage," Fig. 13. The "projected area" of such a surface is less than
its true area.

The representation of a cylindrical surface is illustrated in Fig. 14

by the shaded areas. If a cylinder has its axis perpendicular to a plane

FIG. 14. Projection of Curved Surfaces.

its projection on that plane is a circle. When the axis is parallel to a

plane the cylinder appears as a rectangle.

18. Placing Views. The views are generally arranged as illustrated

in Figs. 10 and 15. This is called the first position for the right side view.
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used when a piece is rather flat and wide. It allows the use of a larger

scale. Sometimes it is the only way in which the views can be contained

on a given size of drawing paper.

The first position of the left side view is shown in Fig. 17, and the second

position in Fig. 18.

19. Auxiliary Views. When it is desirable to show the true size or

shape of a surface which is not parallel to the usual planes of projection,

FIG. 19. Auxiliary View.

an auxiliary view is drawn, Fig. 19. The chart, Fig. 20, illustrates two

methods of solution as applied to three cases.

20. Sectional Views. When it is necessary to show the interior of an

object or machine more clearly than can be done with dotted lines, an

imaginary cutting plane is used. The part of the object in front of the

cutting plane is removed, leaving the object as in Fig. 21. The cut

surface is section lined and the view is called a section. The subject of

sections is treated at length in Chapter III.

21. Engineering Handbooks. The value of handbooks for designers

and engineers is too well established to require comment. There is a

mass of detail information and dimensions more or less standardized,
which must be adhered to when making machine drawings. Every
engineer should possess at least one handbook which bears directly upon
his work and should learn how to use it. Use a handbook when checking

2
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CENTER LINE METHOD
Case I

/

REPERENCE LINE METHOD
_ \ Co* I Case <?

FIG. 20. Auxiliary View Chart.

II

FIG. 21. Sectional View.

^
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drawings of machinery as well as when making new drawings. Learn

the location of such tables as are most frequently used.

O B i, M ^ / a

FIG. 22. Capital letters and Numbers.

22. A.S.M.E. and Other Standards. Reliable information can be

obtained from the publications of the various engineering societies.

Some of the standards are so widely used that the machine draftsman

must be familiar with them. The American Society of Mechanical

Engineers publishes standards for: Boilers (Paper 1469), Graphic Pre-

sentation (Paper 101X), Machine Screws (Papers 1142 and 1142A),

Pipe Flanges, Fittings, etc. (Papers 1430 and 1654), and for many other

/
-
2

3 7

FIQ. 23. Slant Fractions.

engineering matters. For automobile work the standard data sheets of

the Society of Automotive Engineers should be consulted. The standards

of some of the large manufacturers are in universal use.
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23. Lettering. A certain degree of expertness in lettering is assumed
to be one of the qualifications of present-day engineers. The necessary

requirements are included in Chap. II of the
"
Essentials of Drafting."

a b c d e/fg h /

k Im n op q r
S / u v w

FIG. 24. Lower Case Letters.

The proportions and forms of plain slant letters and numbers are

shown in Figs. 22, 23, and 24. The slope is about three to eight. Note

the arrows which indicate the directions in which the various lines are

drawn. A scale of units is given at the ends of the lines. By placing
a straight edge across the page and coincident with the same scale line

at both ends, the positions of the horizontal strokes of the letters can

be observed. The figures under each letter indicate the width in terms

of the same units as are given for the height.

500 GALLON
STEAM JACKETED KETTLE
SCALE Ig

- / Foof
DRAWN BY Of"A.
TRACED BY W. E.
CHECKED BY C.S

APPROVED
DATE Sept /2, /92O
ORDER NO. B-462
REVISED Jan. 4, 1921

Draw. No. 4-C-I45

FIG. 25. A Hand Lettered Title.

24. The proportions of the fractions in comparison with whole

numbers are shown in Fig. 23. The division line is always horizontal

with a small space between the fraction numbers and the line.

25. Titles for drawings vary a great deal as an inspection of a few

blue prints will show. The titles for detail drawings may or may not

contain the name and location of the company. The name of the

machine, its size and number, the names of details, the scale, the date,



ELEMENTARY PRINCIPLES 13

and the names or initials of the draftsman and engineer should be given.

A hand lettered title is shown in Fig. 25 and a printed title form in Fig.

26. The record strip is much used and consists of a narrow strip ex-

MATERIAL LIST FOR..

THIS DRAWING IS THE PROPERTY OF
B.F.STURTEVANT Co. OF CANADA, LTD.

GALT. ONTARIO.
AND SUBJECT TO RETURN UPON REQUEST.

IT IS TO Bt. USED ONLY FOR THE PURPOSE FOP WHICH IT
WAS fXPHESSLY LOANED, AND NOT TO BE USED IN ANY
WAY DETRIMENTAL TO THE INTERESTS OF THE COMPANY

CUSTOMERS No.

FIG. 26. A Printed Title.

tending the whole length or width of the sheet. It contains the title,

record of changes, general notes and other desired information.



CHAPTER II

FASTENINGS FOR MACHINERY

26. Kinds of Fastenings. Practical requirements of manufacture and

use necessitate the use of separate pieces in the construction of machinery.
The common fastenings are screws, bolts, rivets, pins, keys, hooks,

slides, etc.

27. Screw Threads. In addition to their use as fastenings, screws

are used to transmit motion, to apply force, and for the adjustment of

parts. A screw is a cylinder with a helical groove which forms the thread,

Fig. 27.

Section shoo/ing
form of thread Exterior

Diameter of

cylinder on
which thread
It cvf.

Depth of thread

FIG. 27. Screw Thread.

The usual forms of screw threads are given in Fig. 28. The form

shown at I is the United States Standard, also called Sellers, or Franklin

Institute. The V's are flattened which makes the thread stronger than

if left sharp as in the V thread shown at II. The Whitworth or English
Standard thread is shown at III. These three forms are well adapted for

fastening parts of machinery together.

28. The square thread, shown at IV, and the Acme thread, shown
at V, are used for transmitting forces and motions. The Acme thread

permits the use of a split nut. The buttress or breechlock thread is

shown at VI. It is designed to take pressure in one direction only.

This form has the strength in shear of the V form but avoids the tendency
to burst the nut. A similar form called the Harvey grip, is shown at

VII. The knuckle or rounded thread is illustrated at VIII. This

thread is often rolled in sheet metal, as for screw caps, electric fixtures,

etc. For some purposes it is cast in a mold.

29. Pitch and Lead. The pitch of a screw thread is the distance from

one thread point to the next, measured parallel to the axis. The lead is

14
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the distance which the screw will move along the axis for one turn. For

a single thread the pitch and lead are equal. For a double thread the

lead is two times the pitch.

VTT WT

FIG. 28. Forms of Screw Threads.

30. Conventional Representation of Screw Threads. It is not often

necessary to draw the helix representing a screw thread, as there are a

number of conventional representations in use designed to save time.

These serve the purpose just as well as the true representation would do.

Common methods are shown in Fig. 29. The representation given at V
is preferred for ordinary drawings. It is not necessary to draw the pitch

-FZZzJ I
pZZZ) pZZ2

SHI Left Hand
Single Double

xm TTV

FIG. 29. Conventional Drawings of Screw Threads.
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to scale. The distance between lines is estimated and arranged to avoid

crowding so as to give a pleasing appearance. The lines may be at an

angle with, or perpendicular to the axis of the screw. The angle when
used is determined by one half the pitch for single threads, XIII, or the

whole pitch for double threads, XIV. For such representations as II

and IV light pencil guide lines should be drawn parallel to the axis of

the screw to limit the heavy lines which represent the root diameter of

the screw. The 60 lines show how the distance between the guide lines

is determined. The tops of the threads are represented by fine lines.

FIG. 30. Square Threads.

Two distinctive representations for square threads are shown in

Fig. 30.

31. Threaded Holes. Representations for threaded holes are shown
in plan, elevation, and section in Fig. 31. It will be observed that the

Section

FIG. 31. Threaded Holes.

lines representing the threads slope in the opposite direction when the

hole is shown in section. The reason for this is that the far side of the

thread is seen. Either single or double circles may be used in the plan,

and any of the plans may be used with any of the sections or elevations.

The lines representing the roots of the threads when visible are made

heavy if inked, but when dotted all lines should be the same either in

ink or pencil. When the representations shown at A and B are used,
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they should always be marked "Tap." For small diameters the Vs
may be drawn in freehand and the thread lines omitted as at C. When

Fro. 32. Screw Threads in Section.

two or more threaded pieces are shown together, the methods of Fig.

32 are used. Clearness may be preserved when drawing threaded pieces

in elevation or section by using the methods of Fig. 33 at II, III, and IV

where the thread lines are left out.

FIG. 33. Thread Representations. FIG. 34.

Where a hole does not go all the way through a piece, the angle of the

end of the drill leaves the end of the hole pointed, drawn with 30 lines

as shown in Fig. 34.

TABLE 1

DIMENSIONS OF U. S. STANDARD THREADS

Diameter
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32. Specifications of Screw Threads. For U. S. Standard bolts the

number of threads per inch is fixed as given in Table 1, which gives other

useful information.

Notes and abbreviations used on drawings to specify screw threads

are as follows: The initials R.H. or L.H. are used to denote right hand

or left hand.

"8 Thds. U.S.S." means eight threads per inch, United States Stand-

ard thread.
"
14 Thds. U.S.F." means fourteen threads per inch United States

form.

"32 Thds. A.S.M.E.Std." means 32 threads per inch, American Society

Mechanical Engineers Standard Machine screw thread.

"B.S.W." means British Standard, Whitworth or English thread.

"B.S.F." means British Standard fine screw thread.

Other notes and information may be understood by consulting the

handbooks published by
" American Machinist" and "

Machinery."
33. Pipe Threads. Wrought pipe is specified by its nominal inside

diameter for sizes up to 12". Actual diameters are given in Table 27

which also gives the number of threads per inch. Tables 28 and 29

give dimensions of extra strong and double extra strong pipe.

-L. -Mi- -4 .028"

. too"

.075"

FIG. 35. Enlarged Section of 2|" Pipe Thread.

Pipe threads have an angle of 60, and have the top and bottom of the

V rounded. The threads are cut on a taper of three fourths inch per

foot. The form is shown in Fig. 35.

Corners Corners Thickness Thickness

Chamfered Rounded
FIG. 36.

Hats

U. S. Standard Bolts.
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34. U. S. Standard Bolts and Nuts. Ordinary hexagonal and square

bolt heads and nuts are made with U. S. Standard proportions. The

chamfered and rounded types are shown in Fig. 36. The dimensions

are based upon the diameter of the bolt. The distance across flats of

either hex or square is made equal to !
J

/2 D + 1
/s". The thickness of a

head is one half the distance across flats or 3
/4 D + Vie"- The thickness

of a nut is equal to the diameter of the bolt.

35. To Draw a Bolt Head or Nut Across Flats. To draw a hex bolt

head or nut, Figs. 37 and 38, draw the center line, diameter of bolt, and

T
<o

1 t
o H
I

h'H
n

FIG. 37. Hex Bolt Head Across Flats.

line locating under side of head as at I. For a bolt head lay off the

distance C, equal to one half the distance across flats, in the three places

shown at I and draw lines as at II. With C as a radius and center half

T

D. n
FIG. 38. Hex Nut Across Flats.

way between center line and outer line, draw arcs as at III and complete

as shown at IV. For a nut the dimensions are the same except the thick-

ness which is equal to the diameter of the bolt, Fig. 38.

36. To draw a square bolt head across flats, Fig. 39, proceed as for

T
c -A U

m
FIG. 39. Square Bolt Head Across Flats.

the hex form but draw a single arc with center on center line and radius

equal to twice the diameter of bolt. A square nut is drawn in the same

way except that the thickness is equal to the diameter of the bolt.
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37. To Draw a Bolt Head or Nut Across Corners. For a bolt head

draw center line, diameter of bolt, and line locating under side of head.

Construct diagram shown in Fig. 40 at I, thus obtaining distances B,

*+<- <>H /
H-Fr\H

FIG. 40. Hex Bolt Head Across Corners.

C and E. With dividers take distances from the diagram to locate lines

on the drawing as shown at II. Draw center arc with radius equal to

diameter of bolt. Draw side arcs with radius found by trial so that they
have the same rise as center arc as indicated at III. Draw 45 chamfer

lines and complete as at IV.

For a nut the dimensions are the same except the thickness.

, A-*~

f |_^3
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Copyright, /9i7
t /9?o. DIMENSIONS OF U.S. STANDARD BOLTS

by Carl L Svensen ,
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The distance across flats and thickness of bolt head is the same as for the

hex form. Note the radii of the arcs, the 30 chamfer angle, and the

45 angle in the diagram.

FIG. 44.

Through Bolt.

FIG. 45.

Tap Bolt.

FIG. 46.

Stud.

39. A rounded type of bolt head and nut are shown in Fig. 42. The
same proportions hold as for the chamfered type. The radius #1 is

two times the diameter of the bolt. The dotted line through point 1

locates point 2. The radius R2 has its center at and is equal to the

distance 2. Radii R$ and R* must have the same rise as radius #2 .

They are found by trial to fit the rise.

FIG. 47. Bolt Drawing.
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40. Bolt Chart. The chart, Fig. 43, is for use when drawing full

size bolts and nuts. The distances can be transferred with the dividers or

compasses. Horizontal distances give the diameters of the bolts. Dis-

tances vertically from the base line to where a vertical line through a

given diameter crosses the inclined lines, gives the necessary distances.

The inclined lines are lettered to correspond with the distances shown on

the drawings.

41. Bolts and Studs. Three common forms of bolts are the through

bolt, Fig. 44, the tap bolt, Fig. 45, and the stud or stud bolt, Fig. 46.

When possible the through bolt should be used as it requires only drilled

holes. The tap bolt is used as a permanent fastening in cases where a

cap screw (Art. 44) is not desired. When there are parts which must

be removed often or where the threads might rust in, studs are used if

through bolts are not practicable. The length of thread must be desig-

nated in all cases and is indicated in the figures.

TABLE 2

DIMENSIONS OP U. S. STANDARD BOLT HEADS AND NUTS
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42. A stud may be made tight in a hole by having the threads jam
near the bottom or the top of the hole. For the second condition clear-

ance must be allowed.

43. Since bolt heads and nuts are standard, only three dimensions are

necessary on a drawing. For a bolt these are diameter, length from under

side of head, and length of thread measured from end of bolt. For a

stud, give the diameter, total length, and length of thread measured

from each end. A bolt drawing is shown in Fig. 47.

Dimensions of U. S. Standard bolts are given in Table 2.

44. Cap Screws. Hexagonal and square head cap screws are similar

in appearance to rounded type bolts but the distance across flats is less

than standard and the thickness of head is more than standard. Various

Hexagon
Head

Square
Head

Flat Fillister Oral Fillister "/ot Covnfersi>nt( Oral Countersunk Buth

Head Head Heao' Head Head

FIG. 48. Cap Screws.

forms of heads are shown in Fig. 48 and dimensions for drawing them are

given in Table 3. Cap screws are designated by their diameter in inches

which are given as fractions starting at V/'i and by length in inches.

Head

r A - 008
c " /H ~

'1.739

D = .I73A+.OI5

U

Round Head

B - 1.85A -.005
C = .7A
D - .173A +.015

Flat FHlisterHead

B- 1.64A -.009
C= .66A-.002
D= .I73A+.OI5

Oval Fillister Head

3*I.64A-.C09
C = .66A-.002
0= .I73A+.0,'5

Old
Number

5
6
7
6
9

10
IS
14
16
16

20
22
24
26

Size

.060
073
.ado
.099
112

.125

.138
151
.164
177

190
2/6
242
.268
.S94

.320

.346

Fia. 49. Machine Screws.
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TABLE 3

DIMENSIONS OF CAP SCREWS

Diameter
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jecting set screw on a revolving pulley is a source of great danger, and

should be avoided. The many forms of headless and hollow set screws

obtainable make the use of other forms unnecessary in such cases.

47. S.A.E. Bolts. The forms and dimensions of the Society of Auto-

motive Engineers standard bolts are given in Fig. 51 and Table 4. These

*-//->

Fia. 51. S.A.E. Bolts and Nuts.

bolts have finer pitch threads and shorter distance across flats than U. S.

Std. The nuts are castellated for convenience in locking by use of a

cotter pin.

48. Miscellaneous Bolts. Several forms of bolts are illustrated and

named in Fig. 52. They are used under special conditions. The names

Fender Boff Aufo clip Bolt-Hex Head

Eye Bolt

FIG. 52. Miscellaneous Bolts.

have been derived from the use or form of the bolts.

49. Miscellaneous Screws. A number of screws are shown in Fig.

53. The common wood screw is made in a large variety of sizes and with

different forms of heads. Lag screws are used for somewhat heavy wood

ft \\\\\\\\\\\\\\\\^EE>

rmister Head

QZ3BBW> U\\>
Lag Sc

Fio. 53. Miscellaneous Screws.
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constructions and for fastening machines or parts of machines to wood,

The figure shows the methods of representation for the various screws,

TABLE 4

DIMENSIONS OF S.A.E. BOLTS

D
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51. Flanges and Bolting. A method of finding the diameter of

bolt circle and diameter of flange is illustrated in Fig. 55. For through
bolts the explanation applies to conditions shown at I and II. Draw the

desired fillet at r\. This may be taken at about /4. Lay off X, equal to

I I IE

FIG. 55. Circle of Drilling and Flange Diameter.

one half distance across flats of bolt head, and Y equal to one half distance

across corners of nut. The diameter of the bolt circle, DB , may now be

found by laying a scale on the drawing and selecting a dimension. This

will be equal to or greater than, d + 2 (t + r\ + X), and may be taken

at the nearest larger
1

/8th inch. The flange diameter may then be ob-

tained by laying out the distance Y, as indicated, and using the scale to

find a dimension equal to, or greater than DB + 2 (F + r2). The radius

r2 may be taken at Vsth to Vieth the thickness of the flange.

When studs are used, the diameters DB and DF may be very much
decreased as at III. The distance C should be about equal to t, although
if necessary it can be made equal to one half the diameter of the bolt.

52. Strength and Number of Bolts. The strength of a bolt in ten-

sion is the strength of the root area. The tensile strength of U. S. Stand-

ard threads is given in Table 5. When the load is applied as at I, Fig.

56 the stress is found by the formula S = P/A. This is direct tension

with no initial stress. At II the bolt is used for holding a cover plate or

i n m
FIG. 56. Bolt Stress.

S = stress in Ibs., per sq. in. P =
load, Ibs. A = area, sq. ins.
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cylinder where a ground joint is used. If the bolt lengthens under

pressure the joint will open. The nuts must be screwed up so that the

stress in the bolt will be equal to or greater than the stress due to pressure

against the plate. At III an elastic packing material is used. When
the nut is tightened the packing is compressed. The pressure against

the plate will lengthen the bolts and relieve them of some of the stress

due to the packing which is less compressed.
53. The total stress in the bolts may be that due to tightening plus

that due to pressure. This may be further increased by the twisting

stress by an amount equal to 10 per cent, or more of the load stress.

The stress due to tightening may be equal to the load stress.

TABLE 5

TENSILE STRENGTH OF U. S. STANDARD SCREW THREADS



30 MACHINE DRAWING

between shaft and pulleys, gears, crank arms, etc. The saddle key shown

at I in Fig. 59 is used when only a small force is to be transmitted and

FIQ. 57. FIG. 58. Full and Ring Gaskets.

where close or frequent adjustment is required. The flat key shown at

II requires a flat spot on the shaft. Its holding power is a little greater

than the preceding form. Set screws are sometimes used to secure closer

FIG. 59. Forms of Keys.

contact. The square or rectangular form of key is most used. The

sides should fit closely in the hub and shaft. Square keys, shown at

III, are often made with W = D/4 in which W = width of key and D =

diameter of shaft. Other proportions are W = D/4 and T = D/6 to

D/4. Unwin gives W = D/4 + Vs" and T = D/8 + Vs". A different

way of locating a square key is shown at IV.

57. For taper keys, the taper may be from Vie" to 8
/ie" per foot of

length. A practical standard is Vs". Keys should be one half in the

shaft and one half in the hub. When a large force is transmitted two

keys placed 90 apart are used. The length of keys should be about one

and one half times the diameter of the shaft.

J LH J>

I I E
FIG. 60. Plain, Gib, and Round End Keys.
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TABLE 6. DIMENSIONS OP KEYS
-H K> '

A HI , Ih-

Shaft
Diameter
(Inclusive)
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The Lewis key is shown at V and the direction of the driving shaft is

indicated. This key is in compression. A round key shown at VI is

often a desirable form. The ordinary plain key is illustrated at I in

Fig. 60, a key provided with a gib to make its removal easier is shown at

II and a round end key at III. The third form is fitted into a shaft when

it is desired to arrange for a part to slide on the shaft. When a long key

is secured in a shaft and used in this way it is called a feather or feather

key.
58. The Woodruff key, which consists of a part of a circular disc, is

shown in Table 7. The circular seating allows the key to assume the

proper taper when a piece is put on the shaft. Data for various forms of

keys are given in Tables 5 and 7.

59. Riveting. Machines or structures composed entirely or in part

of sheet metal are fastened together by rivets, put into place red hot.

Boilers, tanks, steel structures etc., are fastened together permanently

in this way. Rivets are generally made of mild steel. They have a

head on one end and sufficient length to allow forming a head on the

other end after being put into place.

FIG. 61. Rivet Heads.

60. Rivet Heads. Forms of rivet heads are illustrated in Fig. 61 and

dimensions are given in Table 8. The forms of heads are as follows:

I Cone head, II Button head, III Steeple head, IV Flat countersunk

head, V Oval countersunk head, VI Flat head, VII Pan head straight

neck and VIII Pan head swell neck. The information on rivet heads

is from "Scientific Facts," published by the Champion Rivet Co.,

Cleveland, Ohio.

61. Rivet Holes. The holes for rivets may be either punched or

drilled. As punching injures the metal, drilled holes are better for

pressure work and are required for steam boiler work. The injury due

to punching may be removed by annealing or the hole may be punched
small and reamed to size. Holes are made 1

/i6
//

larger than the rivets

used in them. Thus a rivet for a 1" hole is
15
/ie" diameter before driving.

62. Calking. For many purposes rivets must make a leak tight
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TABLE 8

DIMENSIONS OF RIVETS

(From "Scientific Facts," Champion Rivet Co.)

Diagram
of

Rivet
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63. Lap Joints. A lap joint consists of two plates which lap over

each other. When one row of rivets is used as at I in Fig. 62 it is called

a single riveted lap joint. A double riveted joint is shown at II, Fig. 62.

The distance between the centers of two rivets in the same row is

called pitch. The distance from the center line of the rivets to the edge
of the plate is called lap. The lap is commonly made equal to one and

one half times the diameter of the rivet. The distance from the center

of a rivet in one line to the center of a rivet in the next line is called the

diagonal pitch and may be found from the formula

,
2 d

P' =
g
P +

3
-

Either chain riveting, Fig. 63, or staggered riveting, Fig. 64, may be

used when there are several rows of rivets.

V++-+-+-

FIG. 63. Chain Riveting. FIG. 64. Staggered Riveting.

64. Rivets which are put in place in the shop where the work is

fabricated are called shop rivets and are represented as in Fig. 62. Rivets

I i

4-i li^-

i ! 1^
!-$- I

i :
I i_

FIG. 65. Butt Joints.
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driven in the field or where the construction is put in place are called

field rivets and are represented as in Figs. 63 and 64.

65. Butt Joints. Three forms of butt joints are shown in Fig. 65.

At I a single butt-strap having a thickness of about one and one fourth

times the thickness of the plates is used. Single and double riveted

joints with two butt-straps are shown at II and III. In such cases the

butt-straps may be Yi6
"
thinner than the plates.

Section A -A secfion a-e

FIG. 66. Joint for Three Plates.

66. When three plates come together they must be arranged so as to

maintain a tight joint. One method is shown in Fig. 66 where one of the

plates is thinned out.

67. Miscellaneous Connections. Methods of making connections

are shown in Fig. 67. Angles may be used as at I and IV or one of the

FIG. 67. Connections.

plates may be bent as at II and III. In this case the radius of curvature

r can be made about two and one half times the thickness of the plate.

i
FIQ. 68. Cylindrical Tanks.
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Also note that a short straight part x is provided to allow easy calking.

When drawing to small scale, thin sections are sometimes blacked in as

shown in Fig. 68 at I and II, which also illustrates methods of closing

the ends of cylindrical tanks. With rounded ends the radius of curvature

can be taken equal to the diameter of the tank.

68. Rolled Steel Shapes. For many constructions, rolled steel

shapes are used. The dimensions and weights as well as other informa-

rriiT
Angled.} Channel(L] I-0eam(l] Z-Bar(Z]

FIG. 69. Steel Shapes.

Tee(T)

tion can best be obtained from the handbooks issued by the steel com-

panies. The names of a few of the common sections are given in Fig. 69.

The pitch of rivets for structural purposes may be taken at from

three to six inches. The distance from the center of the rivet to the

edge of the plate should be about two times the rivet diameter. The

pitch for various sizes of rivets is given below.

MINIMUM RIVET SPACING

Diameter of rivet in inches Vs Vs 1

Pitch in inches 3A Ws Wi l 7
/s 2*/4 26

/s 3

The Osborn system of conventional representation of rivets is shown
in Fig. 70.

CONVENTIONAL S16N5 f~Qft



FASTENINGS FOR MACHINERY 37

Spring Cotter Pin

Split Toper Pm

Straight Pin- With head Straight Pin- Plain Enc/s

FIG. 71, Forms of Pins.

Dimensions for standard steel washers are given in Table 9. Cast

iron washers, Fig. 72, may have'proportions as follows:

A = d + Vs", B = 3Y,d + Vs", +

FIG. 72. Cast Iron Washer.

TABLE 9

DIMENSIONS OP STANDARD STEEL WASHERS

A

V/////A

^C- Thickness
U.S.S. P/ote Gage

Bolt
Diameter
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MACHINE DRAWING

70. Working Drawings. Any drawing used to give information and

directions for doing work is a working drawing.

Such drawings are made by architects and civil, mechanical, and

electrical engineers, for buildings, bridges, power plants, machine shops

and all kinds of industrial work. This book treats of present practice in

machine drawing.
71. There are two general classes of machine drawings assembly

drawings and detail drawings. These have been listed as follows:

A. Assembly drawings in outline or section. Design lay-out drawings. Erection

drawings. Skeleton or diagram drawings.

B. Assembly working drawings. Part assembly working drawings. Location draw-

ings to show relation of parts with dependent dimensions and fits for two or

more details. Tool, jig and fixture drawings.

C. Detail working drawings. General purpose drawings. Pattern drawings. Machine

drawings. Forging drawings, etc.

FIG. 73. Main Assembly Drawing.
38
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72. A main assembly drawing of a B. F. Sturtevant Co., Type 6,

Steam Turbine is shown in Fig. 73.

"Steam enters an annular steam chamber in the casing of the turbine through a

balanced throttle valve (1). From this chamber it passes through nozzles (2) to the

rotor or buket wheel. These nozzles expand the steam to a pressure equal to the

exhaust pre sure in the turbine casing, so that the steam leaves the nozzles at a very

high velocity.

"At this high velocity the steam then impinges against the semi-circular rotor buckets,

imparting full impulse to the rotor, and leaves the buckets in the reverse direction.

As it leaves the rotor, the steam enters the semi-circular reversing buckets, which are

cast in one piece with the nozzles, which again reverse the direction of the steam and

drive it back into the rotor. The steam enters and leaves the rotor in a circular motion

several times before its kinetic energy is absorbed and its velocity dropped to that of

the rotor. It then passes out into the exhaust."

73. Detail Drawings. A detail drawing, Fig. 74, is one which con-

tains the necessary views of each single piece, completely dimensioned

and with specifications as to material, machining, etc.

1. Choose views which will completely describe the shape of the piece.

2. Do not draw unnecessary views.

grooves 32 deep

**IO-32 Tap
after ossemb/y

Coyer
Thrust collar

Bearing s/eere

Dust cap

A Ilay 14

MAT'L REMARKS

TYPE B MOTOR-BEARING DETAILS
Sca/e full size June 3, I92O

Drawn by &'</
|
Traced by J \Checlied byC ^

Fia. 74. A Detail Drawing.
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3. Views should carry dimensions without crowding.
4. Choose a scale that will show the piece clearly.

5. Choose a scale that will not require crowding of dimensions.

6. Detail drawings are made full size, half size, quarter size or eighth

size.

7. Avoid the use of different scales on same sheet when possible.

8. Arrange detail parts in the same position and order that they will

have in the assembled machine when this is possible.

9. Keep views of each part near together but do not crowd them.

10. Leave a space between views of different pieces.

11. When possible, details that are closely related mechanically
should be kept on the same sheet.

12. Make detail drawings so complete that no additional information

will be required for duplicating the parts shown.

13. Small parts may be grouped together as: small castings; bronze

and composition castings; forgings; bolts and screws, etc.

14. Standard small parts such as pressure gauges, oil and grease cups,

lubricators, valves, ball bearings, etc., which can be described by notes

can be drawn in outline or not at all.

15. If special or extra views of any kind are used, they must be defined

by explanatory notes.

74. Making a Detail Drawing. There are three major considera-

tions when starting a detail drawing.

(a) Choice of Views,

(6) Treatment of Views,

(c) Choice of Scale.

A freehand layout sketch is very convenient and helpful, especially

when standard size drawing sheets must be used.

First locate the main center and base lines for all views. Then draw
the preliminary blocking in lines for all views. Finally work out the

shape of the object.

75. Consider the object shown in Fig. 75. Two base lines and two
center lines have been drawn at I in the order shown by the numbers.

Note that the front view is located by the two base lines and that the

top and end views are each located by one center line and one base line.

At II the preliminary "blocking in" lines have been drawn very lightly,

while at III, three of the final lines drawn distinctly have been added as

their length is fixed. The "blocking in" is completed at IV. The details

have been drawn at V and the preliminary lines have been gone over

to give them the character of the other final lines.
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The general procedure for pencil drawings is to block in with straight

lines and large circles. The small circles and fillets are drawn last. If

the drawing is not to be inked or traced, the dimension, extension, and

section lines should be drawn very lightly and the figures and notes

added.

76. Drawings are not often inked on paper as good pencil work serves

l.Dra
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just as well and requires less time. If many copies are wanted, tracing

cloth is used. The ink will work better on the dull side, especially if it

is first dusted with powdered chalk. For erasing either pencil or ink,

use a pencil eraser. Pencil tracings are often made on tracing paper or

cloth. If a thin bond paper is used, blue prints can be made from pencil

drawings. The dimensions are often put on in ink. The order of inking

is shown in Fig. 76, where fine lines are used to represent the pencil

drawing.

77. The order of inking on either paper or cloth is:

1. Center lines. 7. Dotted circles and arcs.

2. Small circular arcs and circles. 8. Dotted straight lines.

3. Large circular arcs and circles. 9. Extension and dimension lines.

4. Irregular curved lines. 10. Dimensions, notes, title.

5. Straight horizontal lines. 11. Section lining.

6. Straight vertical and slant lines.

All inking except arrow points, figures and lettering must be done with

the instruments and the order given must be followed if good drawings

are to be made. Use Gillott's 404 pen for lettering, arrows, etc.

I . /nk center tines and arcs

Ul

31. Ink horizontal J/nes

HI. Ink vertical lines . Ink-dotted lines and comp/ete the drawing

FIG. 76. Inking a Detail Drawing.
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78. Blue Printing. Blue prints are made on sensitized paper as

follows :

Place a tracing with the inked side next to the glass of a printing

frame, Fig. 77. Next place a piece of blue print paper on the tracing,

1 fl

FIG. 77. A Blue Print Frame.

coated side down. Follow this with a felt pad and close the frame. Ex-

pose to direct sunlight as indicated at II. The length of exposure varies

from 30 seconds in strong sunlight with rapid printing paper to three or

four minutes under the same conditions with slow printing paper. After

exposing, the paper is removed and washed in clear water. New paper
has a yellow color on the coated side which changes to a gray-bronze
after exposure. Electric light is very generally used in large plants and

for commercial blue printing. Machines for this purpose as well as

many other methods of duplication are described in drawing supply

catalogs.

79. Assembly Drawings. As already indicated, assembly drawings

may be made for almost any purpose. For showing the general appear-
ance of a machine and giving center and overall dimensions an outline

assembly such as Fig. 78 is used.

It is sometimes desirable to give all the dimensions on an assembly

drawing so that the machine can be built from it. This gives an assembly

working drawing. A part or group assembly drawing shows a group of

parts in their relation to each other. If dimensioned, no detail drawings
are needed.

Piping or wiring diagrams are assembly drawings made to show the

sizes, location and arrangement of pipes and wires. When drawn to

scale and completely dimensioned, they are called piping or wiring

drawings.

Erection drawings show the order of putting parts together, dimen-

sions for center distances, location of oil holes, valves, switches, etc.

80. Making an Assembly Drawing. The purpose for which the
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drawing is desired must first be considered, after which the proper selec-

tion of views must be made. The next step is to determine the position

of the views on the sheet and the scale to be used. The detail drawings

are then collected ready for reference.

6 Discharge

SINGLE STAGE CENTRIFUGAL PUMP
SCALE DATE

FIG. 78. Outline Assembly Drawing.

Locate the main center and base lines for the complete machine.

Locate the center and base lines of the larger details of which the machine

is composed. Draw the larger stationary parts in the different views.

Determine limiting positions of moving parts if there are any. After this

the smaller parts may be drawn very much in the same order as though

assembling the actual machine. Since a small scale is often used, judg-

ment must be exercised as to the amount of detail to be drawn. The

character of the machine must show in the completed drawing. Maxi-

mum distances for stationary or moving parts, positions for foundation

bolts, location of shafts, pulleys, piping and other dimensions having

to do with erection or connecting up must be checked and are often

given on the drawing.
81. Identification, Record, Etc. For commercial engineering work,

clean cut drawings having a definite character and containing all essential

information are required. Extra views or notes, "fancy" lettering,

complete detailing of standard parts to exact scale, confusion of dotted

lines, and other non-essential work add to the cost of the drawing and

to the cost of using the drawing.
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Every piece drawn should have a name and a number so that it can

be identified. The same name should always be used for a given part.

The identification number for a part is generally put in a circle near the

name of the part or the views representing it.

When a drawing is started the date and draftsman's name should be

written on it. When the tracing is completed it should be signed either

in full or by initials, by all who have worked on it, as draftsman, tracer,

and checker, and by those responsible for its approval. Abbreviations

lead to mistakes and should not be used when they can be avoided.

When used the possibility of misunderstanding must be considered and

a standard form adopted. When changes are made on a drawing they
should be indicated. This is often done by enclosing a letter in a circle

placed near the change and recorded in the title or record strip with

statement of change and the date when made.

MATERIAL LIST

Part

A/umber
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Every drawing should have a number and be recorded so as to be easily

found. Systems of filing, numbering, recording, transmitting and keep-

ing track of drawings vary with the kind of work, and the extent to

which the drawings are used. Some forms are shown in Figs. 79, 80

and 81.

PIPE AND FITTINGS LIST

5/ze
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mon parts of machinery have been devised to save time. The true pro-

jection of a screw thread would involve drawing a helix and when the

frequency with which screw threads occur is considered, the necessity

for using idioms or
"
engineering shorthand" can be understood. There

are many other conditions where conventional treatment is desirable.

83. Treatment of Sectional Views. It is not necessary to include all

dotted lines beyond the plane of a section if they tend to confuse rather

than help. In some cases only the sectioned surfaces and the full lines

beyond them are shown, Fig. 82. Whenever dotted lines tend to con-

fuse, they should be left out, compare Figs. 83 and 84.

hntrr!

FIG. 83. Complete Section. FIQ. 84. Preferred Section.

When a sectional view is used in place of an exterior view, all of the

full lines beyond the plane of the section are generally drawn. In cases

Section A-A Section B-B

FIQ. 85. "Sliced "Sections.

Section C-C
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where the shape of the sectioned surface is the important feature or

when the full lines beyond the cut surface require a great deal of time to

draw without adding to the usefulness of the drawing, they should be

left out as in Fig. 85, where several "sliced" sections are shown.

FIG. 86. Half Section.

A view should serve the purpose for which it is intended without

unnecessary or confusing lines. Extra or part views are often sufficient.

84. It is sometimes desirable to show both the exterior and section

in one view. This can be done when the view is the same on both sides

of a center line by drawing one half in section and the other half in full

as in Fig. 86. All or most all of the dotted lines are often omitted from

both halves. The planes of the section form a right angle and cut away
one quarter of the object. If two "half sectional" views are used they

Scale of Inches

_N

FIG. 87. Two Half Sections.
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should be cut by planes which will bring the two half sections toward

each other as shown, Fig. 87.

85. When different pieces are shown in a section they are indicated by

changing the direction of the cross hatching. The width of spacing

between section lines is determined by the area to be sectioned, smaller

areas having them closer together than larger ones. Different materials

are sometimes indicated by different forms of section lining. Fig. 88

Ash/ar Rock Original filling
Earfh

Other Materials

FIG. 88. A. S. M. E. Symbols for Sectioning.

gives the forms suggested by a Committee of the American Society of

Mechanical Engineers. The spacing of lines shown will be found satis-

factory for most areas. All lines must be fine, of uniform width and

uniformly spaced. The character of sectioning must not be depended

upon to tell the material and a note should always be added when the

materials are not perfectly evident. Their chief value is to make it

easier to distinguish different pieces.

86. Common Uses and Treatments of Sections. There are many
cases where parts of a view are not sectioned. Such parts as shafts,

bolts, nuts, screws, rivets, keys, pulley arms, gear teeth, etc., are not

sectioned even though the rest of the view is in section. This saves time

and in many cases makes the drawing easier to read, Fig. 89.
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Gear teeth

FIG. 89. Objects not Sectioned.

A larger scale can often be used by "breaking" the piece, and moving
the parts together. The manner of breaking generally indicates the

shape of the cross section and the material as in Fig. 90. This method

FIG. 90. Revolved Sections.

cannot be used unless the cross section is uniform in shape, generally

shown by a "set in" or revolved section. The true taper is drawn when

a long tapering piece is represented by the above method, Fig. 91.
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87. Treatment of Ribs and Special Sections. When a sectional view

gives a false impression of solidity it is often modified. Ribs, pulley

FIG. 91. Tapered Piece with Section.

arms, etc., are not sectioned for this reason, Fig. 92. Good practice

requires the arms, ribs, etc., to be shown in their true length rather than

FIG. 92. Section through Rib.

as they would project. Fig. 93 at I is a true projection but better prac-

tice is shown at II.
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When a rib occurs on a plane of a section in such a way that it is

necessary to call attention to it, alternate sectioning can be used as in

FIG. 94. "Alternate" Sectioning.

Fig. 94. Note the use of the dotted line to show the extent of the rib.

This method can be used to advantage on one-view drawings.

88. When small areas are sectioned the surfaces may be "blacked in"

as in Fig. 95. When large areas are sectioned the surfaces may be in-

ftib 5/eeve - Detail

FIG. 95. "Blacked in" Section.

dicated by short lines following the contour lines, Fig. 96, sometimes

called "herring bone" sectioning. Dotted sections are in the nature of

%
FIG. 96. "Herring bone" Section.
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phantom views" as shown in Fig. 97 where dotted section lines are

FIG. 97. Dotted or "Phantom" Section.

used on a full view to distinguish different pieces. This treatment

sometimes saves an extra view.
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89. Contour and Continuity. The contour or characteristic ap-

pearance of an object is often an aid in the quick interpretation of a

drawing. This is illustrated in Fig. 99, where the usual treatments for

Goodpractice

Good practice

True section - Not

FIG. 99. "Contour."

exterior and sectional views are shown at I and II. The true projections

are not only less useful but require more time to draw as indicated at

III and IV.

The representation of a cylinder head in Fig. 100 is a similar case.

A true section on plane A-A is shown at I. At II the section is taken on

B-B and revolved into position of A-A. The bolt holes and lugs are

then located at their true distances from the center. An alternate

method is shown at III, where the section C-F is revolved.

90. Ribs, lugs, ears and other incidental parts are better left in full

when they occur in a sectional view. The section of an object having an
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FIG. 100. Symmetry.

uneven number of incidental parts or having incidentals "off centers"

is best shown as though there were an even number and near but not

coincident with the plane of the section. The general rule of continuity

is to section those parts which continue clear around the axis.

It is often desirable to show the contour elements of cylinders and

cones unbroken when openings or attached parts would cause a break

FIG. 101. "Contour."
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FIG. 102. Representation of Holes in Flanges.

FIG. 103. "True Length" View.

FIG. 104. Conventional Treatment.
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if shown in true projection. This treatment is illustrated in Fig. 101

in which the true section is shown at I and the conventional treatment

at II.

91. There are many cases where true projection is departed from in

the interest of simplicity and clearness.

FIG. 105. Conventional Treatment.

The section or edge view of a flange shows the centers of the bolt holes

a distance apart equal to the diameter of the circle of drilling, regardless

of their true projection. In such cases the intermediate holes are not

drawn as they add nothing to the information conveyed by the drawing.
Several treatments for drilled flanges are indicated in Fig. 102.

Fia. 106. Non-continuous Section.

92. Special Views. When an object has one part at an angle the

two views do not have to project if a better representation may be ob-

tained by revolving or developing one of the views or part of a view.

In Fig. 103 the top view shows the true angle and the front view the

5
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true shape of the left hand part of the object, by revolving it parallel to

the vertical plane. Auxiliary views or parts of views are often convenient.

Fio. 107.

Some studies in representation are given in Figs. 104 to 108 which

show both exterior and sectional treatments. The line marked in Fig.

108 is not an actual line but is useful for reading the drawing. Special

FTG. 108.

views and idiomatic representations have come about in the practical

use of drawing as an engineering language. They have been adopted

through custom because they convey the idea more clearly and exactly,

or more quickly than strict conformity to the rules of projection would

do.



CHAPTER IV

PRINCIPLES AND PRACTICE OF DIMENSIONING

93. Dimensioning. Dimensions are figures placed on drawings to

tell the size of the parts which are represented. As generally considered,

dimensioning also includes specification as to degree of accuracy, kind

of finish, materials, number of parts, etc. To dimension a drawing suc-

cessfully the construction of the patterns, methods of machining, fitting

and putting together of the machine must be studied.

94. Notation of Dimensioning. The notation of dimensioning con-

sists of lines and symbols used on a drawing to show the application of

figures and notes to describe the size of a machine or part.

The dimensioning of a drawing is never started until all the views are

complete, thus finishing the description of shape. Following this, ex-

tension and dimension lines are drawn to indicate the location of dimen-

sions. Finally the arrow points, figures and notes are put on, using a

lettering pen such as Gillott's 404.

A dimension line, Fig. 109, indicates a distance, the amount of which is

shown by a figure placed in a space left in the dimension line.

/6 Drilk
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Extension lines are used to extend lines of a view when a dimension

line is placed outside of the view. A small space is always left between

an extension line and the object line, Fig. 109. The extension line

extends a small distance beyond the arrow point.

Fia. 110. The Arrow Point.

Pointing or leading lines are very fine, full or dash lines drawn from a

figure or note to show the part of the drawing to which the figure or note

applies. They may be left plain, have an arrow point, or preferably

half an arrow point. Fig. 111.

Gfincf

FIG. 111. Pointing Lines.

95. Surfaces which are machined are said to be "
finished" and are

indicated on a drawing by marking the line which represents the edge

view of the surface with a symbol "/" shown enlarged in Fig. 112.

Machined Surface s
J / J

Various forms of
the finish mark.

FIG. 112. The Finish Mark.

Feet are indicated by the mark (') and inches by (") as 5'-3". When
all dimensions are given in inches the inch marks are often omitted.

The figures should be placed so as to read from the lower and right hand

sides of the sheet and in line with the dimension lines, Fig. 109.

96. Elements of Dimensioning. A definite method of dimensioning

can be followed by separating constructions into parts. These parts can

be divided into geometrical solids. Each of the solids can be dimen-
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sioned and their relations to each other fixed by location dimensions.

Thus, there are two kinds of dimensions to be considered.

1. Size dimensions,
2. Location dimensions.

97. The following six cases contain the elements of dimensioning and
can be applied to most objects, Fig. 113.

The first case is the prism and modifications of the prism. The

length, breadth, and thickness are required. Two of these are given

-w-

Case I

r
ri

1
J

Case 2

Case J Case 4

I u-s

Case 5 Case 6

FIG. 113. Elements of Dimensioning The Six Cases.
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on one view and the third on one of the other views. In general dimen-

sions are placed between views rather than to one side.

The second case is the cylinder, where the diameter and length are

given on one view.

The third case is the cone and similar shapes where the dimensions

are given on one view.

The fourth case is the square pyramid and similar shapes where the

dimensions are given on one view.

The fifth case is any kind of pyramid where two views are used for

dimensions.

The sixth case is "rounded end" parts where center distances are

given.

98. Systems of Dimensioning. There are four general systems of

dimensioning as follows (Fig. 114):

I

I

Systems of Dimensioning.

I. All figures outside of the object lines.

II. All figures inside of the object lines.

III. All figures given from two reference or base lines at right angles

to each other.

IV. A combination of the preceding systems.

The first system is favored as the dimension lines and figures are kept

separate from the interior and allow details to be easily seen. The size

and shape are separated.

The second system may be used when there is little detail within the

view. It preserves the outline of the view but often there is confusion

due to the crossing of the lines and crowding of figures.

FIG. 115. Location Dimensions.
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The third system is particularly adapted to plate work and laying out

where holes must be accurately located.

The fourth system is the one generally used but making it conform to

the first system by placing dimensions outside whenever conveniently

possible.

LL
i n

FIG. 116. Size Dimensions.

Location dimensions are illustrated in Fig. 115, size dimensions in

Fig. 116 and the application of the elements in Fig. 117. Note the similar

position of dimensions, that each elementary part is dimensioned and

its position fixed with respect to another part or reference line by a loca-

j"Drill

^Locaf/on Dimensions Dimensions

FIG. 117. Elements of Dimensioning Applied.
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tion dimension where needed. The location dimension for cylindrical

and similar parts is given from the axis of the cylinder.

99. Location of Dimensions. Facility in manufacture should be a

motto in dimensioning. The figures must be so placed as to be easily

found and perfectly clear in their meaning when found. Consider the

effect of location upon ease of reading the drawing. It is very seldom

necessary to repeat dimensions. Drilling is generally best located in

the view where it shows in plan, that is, in the view where it is laid out.

The drilling for flanges is dimensioned by giving the diameter of the

bolt circle and the size of bolt holes. The holes are understood to be

equally spaced unless otherwise noted.

Dimension lines must be kept away from other lines and from each

other. The clear distance between lines should be from Vie" to
5
/ie",

estimated. If there are several parallel lines they should be the same

distance apart. Larger dimensions should be kept outside of smaller

ones. In the interest of clearness there should be as few lines as possible

crossing each other. Similar pieces should be dimensioned in exactly

the same way.
100. When a slanting dimension line must be used, the figure reads in

FIG. 118. Slanting Dimension Lines.

line with the slant, either from the left or right as in Fig. 118 where the

limiting angle is shown as 60.

When a dimension line is made continuous for several successive

dimensions, as in Fig. 119, it is said to be continuous.

When the dimension lines for several successive dimensions are not

continuous, they are said to be "
staggered," Fig. 120.

/T\ /T\ /T\ /TS /"K
vl/

~

vl/ vlx
'

\L/ "\l/

FIG. 119. "Continuous" or "Chain" FIG. 120. "
Staggered

" Dimensions.

Dimensions.
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101. Methods of Finishing. Kinds of finished surfaces should be

indicated by a note as in Fig. 121. The meaning of the different shop

Counterbore Gr/nct Knurl Scrape

FIG. 121. Kinds of Finished Surfaces.

operations involved should be found by consulting a good shop hand-

book. Holes should be marked according to how they are to be formed

or treated as: Core; Drill; Bore; Punch; Ream; Tap; Counterbore;

Countersink, etc. Surfaces should be marked to tell the shop operations
to be performed as: Finished; Rough Finish; Chipped; Spot Faced;

Scraped; Ground; Polished; Filed; etc.

The kind of fit is sometimes marked as Loose Fit; Running Fit;

Driving Fit; Forced or Pressed Fit; Shrink Fit; etc. The tendency of

present practice is to give the tolerance or limits of accuracy required.

102. Dimensioning Arcs and Curves. A number of cases of dimen-

sioning arcs and curves are illustrated in Fig. 122. If a complete circle

FIG. 122. Arcs and Curves.

is shown, give the diameter in preference to the radius. For arcs and
fillets give the radius. If desired, the center for a radius may be in-

dicated by one of the methods shown at I. For a very small radius the

figure may be placed as at II. The note " break corner" at III means
that the sharp corner is to be removed so that it will be slightly rounded.

The dimension line for an arc should always take a direction which would

pass through the center as shown in the figures. The methods at IV

may be used for small diameters. For other curves a templet may be

called for, or shown full size on the sheet. Another method is to give a

number of parallel dimensions and the distance between them as at V.
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103. Dimensioning Angles and Tapers. Angles are generally dimen-

sioned by giving the number of degrees included between the two sides.

Three methods of dimensioning angles are shown in Fig. 123. For many

Rough

fll

FIG. 123. Angles.

purposes standard tapers are used, in which the name and number of the

taper is given in a note. This fixes all necessary dimensions as given in

tables for B. & S. (Brown & Sharpe); Morse; Read Lathe Center; Jarno,

and Sellers Tapers. Sometimes a note is employed giving the taper per

inch or per foot of length, as 3
/4" per foot. When the slope is considerable

it may be given as a ratio, as 1:1, indicating a 45 slope. When fillets or

rounds come at the ends of inclined lines the methods of Fig. 124 at I,

FIG. 124.

II, and III are used. The larger diameter at III although located inside

gives the same dimension as at II. The dimensions indicate the dis-

tances between the sloping lines where they cut the vertical lines.

104. Dimensioning in Crowded Places. A drawing should be made
to a scale sufficiently large to carry most of the dimensions without

crowding. It is not always possible to avoid a few somewhat crowded

dimensions. Notes and figures may be placed out of their usual posi-

tions when necessary. Some methods to use in such cases to preserve

clearness are shown in Fig. 125.

105. Dimensioning Shafts and Cylindrical Pieces. Shafts should be

dimensioned by giving the diameters and lengths together with the sizes of

keyways and pins and their location, Fig. 126. Often the size dimensions

both detail and overall are given below the view and the location dimen-

sions above.
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Examples of dimensioning for shafts and similar conditions are shown
in Fig. 127. The position of bearings is sometimes shown by diagonal

TF

FIG. 125. "Crowded" Dimensions.

lines, either plain or
" blacked in." A square section may be shown in a

similar way. A note should be used in either case if necessary to make
the meaning clear. Positions of pulleys, gears, etc., are located by center

lines as in the drawing, Fig. 183.

./895
1905 Gauge

. .255 I

~M /VecA -Oio deep -i

FIG. 126. A Shaft Drawing.

106, Dimensioning Wood Constructions. Such wood constructions

as the engineer has to do with seldom require such close dimensions as

are common for metal machinery. Timbers are located by centers,

and are dimensioned by note as 2x4; 4x6; etc. Sometimes with the

FIG. 127. Shaft Representations.
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length added as 2" x 8" 6'-10". Boards are specified by note as

1" x 10"; V/' x 6" etc. Such sizes are nominal rather than exact as a

2" x 4" piece may measure I 8
//' x S 3

//', etc. General overall dimen-

sions should be given and any other dimensions which must come to a

required figure. Wood foundation timbers; crib work; shelves; wall and

ceiling planks to support or hold machines, pulleys, etc., and similar

mechanical uses of wood must be drawn and dimensioned by the mechan-
ical draftsman, Fig. 128. Nails, screws, bolts, etc., are specified in notes.

<*

FIQ. 128. Dimensioning Wood.

Nails are specified by a number followed by the letter d. 8 d means 100

nails weigh 8 Ibs. and is read 8 penny.
107. Dimensioning for Interchangeable Manufacture. The whole

question of limits, fits, tolerance, manufacturing equipment of machines,

tools, jigs, fixtures, etc., is involved in properly dimensioning a drawing
for parts which are to be interchangeable. It is not necessary that

limits be given for every dimension but only for those which are required
because of the relation of parts. Some dimensions should be given
without limits especially when particular accuracy is not required. Giv-

ing limits for all dimensions frequently makes the specification ambiguous
as where several part dimensions are each given limits and the overall

dimension is also given limits as in Fig. 129. The separate dimensions

might be within the limits but the overall might not be, as a great number
of combinations of part dimensions are possible. Fig. 130 is the correct

method where several dimensions are given limits. In such cases take all

measurements from the same surface. The dimensioning of drawings for

interchangeable manufacture is well treated in a series of articles by
Earle Buckingham, starting in the July 1919 number of "Machinery,"
Industrial Press, New York, from which the following is quoted. The

complete article should be studied by those having to do with inter-

changeability.
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108. "The problem of the proper dimensioning of component draw-

ings is strictly a mathematical one. There are a few basic principles in

regard to it which are as fixed and simple as Newton's three laws of

motion, but are even more difficult at times to apply correctly. When-
ever either of the two following principles is violated, trouble will inev-

itably follow:

"(1) In interchangeable manufacturing, there is but one dimension

(or group of dimensions) in the same straight line that can be controlled

within fixed tolerances. That is the distance between the cutting surface

of the tool and the locating or registering surface of the part being
machined. Hence, it is incorrect to locate any point or surface with

tolerances from more than one point in the same straight line.

Incorrect
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increase this clearance. For force fits, such as taper keys, etc., the basic

dimensions should be those which determine the minimum interference

(which is the 'danger zone' in this case) and the direction of the toler-

ances for this class of work should be such as would increase this inter-

ference.
"
(2) Dimensions should not be duplicated between the same points.

The duplication of dimensions causes much needless trouble, due to

changes being made in one place and not in others. It causes less trouble

to search a drawing to find dimensions than it does to have them dupli-

cated and, though more readily found, inconsistent.

"(3) As far as possible, the dimensions on companion parts should

be given from the same relative locations. This procedure assists in

detecting interferences and other improper conditions.

"If careful thought is given to these component drawings, much time

and effort will be saved later in the shop. If they are neglected, all the

future work will suffer. A large percentage of the mistakes made in the

manufacturing departments may be traced back to improper component

drawings."
109. General Rules. Some rules and practice not included in the

preceding articles are here collected.

For a complete drawing: give sizes of pieces for the patternmaker;

give sizes and finish for the machinist; give assembly dimensions; give

office dimensions; give notes where needed.

Always dimension similar parts in the same way.
Give dimensions from finished surfaces or to center lines. When a

piece is symmetrical, the dimension is given
" about" or across the center

line, as at I, Fig. 131. Methods shown at II and III are sometimes used.

Place dimensions so that other dimensions or lines do not cross them or

crowd them. Where a number of dimension lines are parallel do not

place the figures under each other but locate as in Fig. 132.

"Overall" dimensions should be given when necessary as at I, Fig.

133. For the piece shown at II, do not give overall dimension but give

"center to center" dimension.

I I m
Fia. 131. Dimensioning "About" and "Across" Center Lines.
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When most of the dimensions are in inches, they may all be given in

inches and the mark (") omitted.

When feet and inches are used, always indicate by the mark (') and

FIG. 132.

(") or by (ft.) and (in.). Decimals may have the point emphasized by

writing thus l."05.

Center lines and object lines have only one purpose and should never

be used as dimension lines.

On structural drawings, dimension lines are made continuous and the

figure is placed above the line.

Gire "o^er all
"
c/imensk Give center fa center dimension

I E

FIG. 133. "Over-all" and "Center to Center" Dimensions.

Where clearness is not sacrificed, parts can sometime? be defined in

one view by using a note to give missing dimensions or to specify diam-

eters, etc.

Small details which are standardized do not have to be completely
dimensioned. This is true for bolts and screws, standard tapers, piping,

wire, sheet metal, rope, chain, pins, rolled steel shapes, etc. See " Ma-

chinery" or
" American Machinist" Handbooks. A valuable article on

"How Machinery Materials and Supplies are Sized" is given in "Ma-
chinery," February, 1916.

Do not put notes within the views if it can be avoided. Keep notes

clear of all lines.

In general, put all notes referring to the same piece together and near

the view of that piece.

Use pointing lines whenever they will make the reading of the drawing
easier or where the application of a note might be doubtful.

110. Checking Drawings. The checking of a drawing is one of the

important duties of most draftsmen. Whenever possible it should be
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done by someone who has not worked on the drawing. In the drafting
room a blue pencil is used for checking if the tracing is marked. For
some drawings a "check print" is made from the tracing and used. A
white, red, or yellow pencil is used on the blueprint. Sometimes one

color is used for what is K and another to make corrections or changes.
For school drawings, a soft lead pencil is satisfactory.

The first thing to do is to see if the drawing can be used without

unnecessary difficulty, and to see if the parts are such as will fit together
and operate successfully.

There must be sufficient views to completely determine the parts.

All necessary dimensions for making the patterns, machining and

erecting must be given and properly located.

Details and dimensions must be shown without crowding. This

requires proper choice of scale.

All figures must be checked for correctness by use of the scale and by
computation.

All notes must contain a clear statement and be carefully located.

Notes containing the same meaning should be worded in the same way.
The materials of which the parts are made should be specified.

The construction of the patterns, cores, and methods of machining
must be considered.

All finished surfaces must be indicated. The kind of finish and

accuracy required must be specified.

Limits or tolerance, must be given for dimensions where necessary.

Basic or starting surfaces and center lines must be located.

Standard parts must be used where possible.

The fewest number of different sizes of bolts and similar small parts

should be specified.

There must be clearance for moving parts.

The name of each piece and the number required for a single machine

or unit should be given on detail drawings.



CHAPTER V

MACHINE DETAILS

111. Machine Operations. The parts of machines which come from

the foundry, forge, or rolling mill, generally require finishing such as

machining to size, drilling and tapping of holes, etc., before they can be

assembled in the machine where they are to be used. A knowledge of

what is involved in the processes of machining is important to the machine

draftsman.

The principal operations are turning, drilling, boring, planing and

milling. The machines used are lathes, drills, boring mills, planers,

shapers, milling machines, etc. At least one book on machine shop

practice should be studied while pursuing a course in machine drawing.
The advertising pages of such magazines as

"
Machinery" and "Amer-

ican Machinist" are further sources of information which should not be

neglected. Every opportunity should be availed of to observe and study
work as it is carried out in the pattern shop, forge, foundry and machine

shop. Such knowledge is invaluable and will often enable the draftsman

to reduce the expense of production by simplifying or adapting his

designs.

There are many details which are used on a great variety of machines.

Parts which are used for similar purposes on different kinds of machines

have many features that are common to all such parts. In order for a

machine to have "character" it is necessary for the designer to have a

knowledge of what has been done by other designers and to be familiar

with the ordinary standard details of machines.

112. Graphical Data and Dimensions. So much information is now

given by graphical diagrams that their use must be understood by those

who have to do with engineering matters. Charts serve to present

,-rL !

FIG. 134. Lever Dimensions.

73
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information and to work out information as to power, forces, motions,

and dimensions. Formulas and tables are often put into graphical form.

When the curve is a straight line its slope can be figured from the equation

for a straight line, y = mx + &, in which y is the ordinate, x is the abscissa,

m is a ratio and 6 is a constant. Other equations may be worked out

from curved lines if formulas are desired. Sometimes the dimensions

9 IS 15 16 B! 24 27 3O
Dimension L in inches

FIG. 135. Dimensions from Curve.

for two or three sizes of a machine part will be figured and plotted and

the dimensions for other sizes within the range of the curve obtained from

Fici. 136. Engine Details.



MACHINE DETAILS 75

the graphical chart. This is illustrated in Figs. 134 and 135. The

dimensions for three sizes of the lever are known as follows :

L 6 18 30

h 3
/4

3
/4

3
/4

d '/
3A IVs-

D 1 l/i 2V4

W V4 V4 Vi

b 3
/4

3
/4

3
/4

Plot values of D for the three values of L and draw a curve as shown.

Values of D for other values of L may be taken from the curve. Thus

for 27" length the value of D = 2" and since d = D/2 we haved = 1".

The other dimensions are constant for all sizes.

113. Engine Details. Steam engine details are typical of many
machine parts. The names of the principal parts are given in connection

with Fig. 136.

1. Cylinder head. 14. Eccentric.

2. Piston. 15. Outer bearing.

3. Casing or lagging strip. 16. Main shaft.

4. Cylinder. 17. Fly wheel.

5. Piston rod. 18. Inner bearing.

6. Steam chest cover. 19. Crank.

7. Steam port. 20. Crank pin.

8. Slide valve. 21. Frame.

9. Exhaust port. 22. Crosshead pin.

10. Valve rod stuffing box. 23. Crosshead.

11. Valve rod gland. 24. Crosshead guide.

12. Valve rod. 25. Connecting rod.

13. Eccentric rod.

Steam is admitted to alternate sides of the piston by means of the

slide valve which is actuated by the eccentric through the eccentric rod.

The piston transmits the pressure of the steam through the piston rod,

crosshead, and connecting rod to the crank. The crank causes the shaft

to revolve, carrying with it the flywheel, from which power may be

transmitted by means of a belt.

1 14. Pistons are used in many kinds of machines and vary accordingly.

A one-part piston is shown in Fig. 137. The names of the parts for a

follower type piston are given for Fig. 138 as follows: 1, Piston Body;

2, Follower; 3, Follower Bolts; 4, Bull Ring; 5, Packing Rings. To

prevent loss of pressure by leakage past the piston some form of packing

ring is used. Pistons are generally made of cast iron, as are the rings.
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The rings are turned to a slightly larger diameter than the cylinder, a

piece is then cut out, and the rings sprung into place. They are often

FIG. 137. One-Part Piston. FIG. 138. Piston and Follower.

made with eccentric diameters Fig. 139 with the cut on the thin side,

The cut may be diagonal or lap, as in the figure.

FIG. 139. Piston Rings.

FIG. 140. Locomotive Piston.
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A form of locomotive piston is shown in Fig. 140. It is a steel casting

for lightness and of conical form for strength. A gas engine piston is

illustrated in Fig. 141.

FIG. 141. Gas Engine Piston.

115. Crossheads are used on steam engines, pumps, air compressors
and many other machines. Two types of crossheads are shown in

Figs. 142 and 143, with the names of the parts. The body of the cross-

; FIG. 142. Crosshead.

head is made of cast iron or steel and the gib or shoe of brass or may be

babbitted.

For wrist pin ~

For piston rod-.

Fia. 143. Crosshead.



78 MACHINE DRAWING

116. A connecting rod is used to connect a sliding part of a machine

with a rotating part. They are made of wrought iron, steel, and brass.

Forms vary greatly. The ends may be solid or open. Some provision

op
FIG. 144. Connecting Rod End.

is generally made for adjusting the distance between the centers of the

ends. The rod itself may have a circular, elliptical, rectangular, I-

FIG. 145. Connecting Rod End.

shape, or other form of cross section. Types of connecting rod ends are

shown in Figs. 144, 145 and 146.

FIG. 146. Connecting Rod End.

117. An eccentric is a circular disc which rotates about an axis which

does not pass through its center, Fig. 147. An eccentric as made for
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Axis of rotation

7th ofcenter ofdfsc

FIG. 147. Eccentric.

use on a steam engine to move the steam valve is shown in Fig. 148. It

consists of the eccentric, eccentric straps and bolts. The eccentric is

secured to a shaft which

causes it to rotate and so

move the eccentric rod,
which is attached to the

straps.

1 18. A crank is a machine

part which rotates about an

axis near one end. It may
be a part of the shaft or made

separate and secured in

place. A crank disc, over-

hung crank, and center

crank, are shown in Fig. 149,

where some general propor-
tions are indicated.

FIG. 148. Eccentric Parts.

A = D to

B =2D

C = 2d

G = %dtoiy2d J = d to 2d

K = d to

" ~ ^ T^l

Qrerhung Crank

FIG. 149. Cranks.

Center Crank
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119. Levers, Handles, Etc. Levers, handles and similar parts are

used on a great variety of machines and are made in forms to suit their

purpose, Fig. 150.

FIG. 150. Levers and Handles.

The length of a lever is from center to center of holes or an equivalent
distance as illustrated.

The three classes of levers are shown in Fig. 151. In each case the

FIG. 151. Classes of Levers.

values for the loads or distances can be figured from the formulas.

WL* WLs PL, _PL,
.
L*-PL.-TFL, P- WLs PL,

L,
- --

FIG. 152. Bell Cranks and Bent Lever.
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When the load and force act at an angle some form of bell crank is used,

Fig. 152. Bent levers are used when it is necessary to avoid a stationary

part as shown. The length of a bent lever is the shortest distance be-

tween the two centers.

Handles are designed to suit a given position and so as to be con-

venient for getting hold of and operating. Several forms of machine

tool handles are shown in Figs. 153 and 154 with standard dimensions

as manufactured by The Cincinnati Ball Crank Co. (Tables 10 and 11).

TABLE 10

MACHINE HANDLES AND Two BALL LEVERS

(Cincinnati Ball Crank Co.)

Machine Handle Two Ball L ever

FIG. 153. Machine Handles.

Size
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TABLE 11

BALL CRANK AND COMPOUND REST HANDLES

Cincinnati Ball Crank Co.)

Ball Crank Handle

FIG. 154. Machine Handles.

Compound Restr
Handle
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The gland stuffing box is used for rods l
1
^" and more in diameter.

The names of the parts are given on Fig. 155. The box should be deep

enough for at least four strands of packing and the gland proportioned so

FIG. 156. Stuffing Boxes.

as to compress it to about one half its original length. The box and

gland may be either flat or bevelled. If lined with composition the

lining should be at least Vie" thick, but for small rods (less than 2"

diameter) it is generally advisable to make the gland either all brass or

cast iron. The gland is moved by turning the nuts on the studs.

For rods I
1

/*" diameter or less the common screw stuffing box is

much used. It is made of brass or composition except on very cheap
work where cast iron is used.

Some general proportions for use with Fig. 155 are as follows: A =
IAD + A", B = .SD + .8", C = l

/J) + Y/' or more, E = .SD + .8",

F = 2.5D + 1".

These are the common types, but the student should investigate and

make sketches of some of the metallic packings as they are much used in

good designs.

121. Fillets, Rounds, Arcs, Etc. The suggestions which follow are to

facilitate the drafting part of design and are not rules which must be

strictly adhered to.

F/onge

i n

FIG. 157. Limiting Radii, Fillets and Rounds.

Fillets and rounds are so common that they should be understood.

A part of a machine is shown at Fig. 157. The centers and radii are

indicated. All the radii at I are too large, particularly those marked
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1 and 2. Radius 1 gives a point at y. Radius 2 is so large that it cannot

be used for the complete circumference of the boss indicated at x. Of

course a changing radius of fillet might be used, but this would not be as

good design.

The limiting radii are indicated at II while a much better design is

shown at III. Note that the radii 1 and 2 are less than the thickness of

FIG. 158. Effect of Different Fillets.

the flange and boss respectively. The effect of a quarter circle is ob-

tained by this method in which the flange and boss each start with a

straight line.

The effect of different fillets is shown in Fig. 158. At I there is an

undercutting, at II the radius is too large, giving an irregular outline to

the top view, while the correct design is shown at III.

When arcs and straight lines are used the faults shown at a, Fig.

159, should be avoided. Do not run an arc past the tangent point. The
correct methods are shown at 6.

122. Flanges. Flanges for two bolts or nuts may take a variety of

y//////////////,
TSL

FIG. 159. Tangent Points.
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outlines other than circular as shown in Fig. 160. After locating the

centers of the bolt holes the extent of the flange may be found by adding

I I 1 E
FIG. 160. Flange Outlines.

twice the bolt diameter to the distance between bolt centers. The out-

line is often obtained as at I where the radius is equal to the diameter

of the hole, with center as shown. A better design is to use a radius

of one and one half the bolt hole diameter as at II. Either straight,

circular or elliptical lines may be used to complete the outline.

I ffl 12 Y
FIG. 161. Flange Edges.

The edges are often finished with curves so as to avoid machining as

indicated in Fig. 161.



CHAPTER VI

BEARINGS, PULLEYS, ETC.

123. Bearings. The motion of machine parts is generally either

translation or rotation. Supports for moving parts are called bearings
when the moving parts rotate. For translatory motion the supports
are called guides.

The simplest form of support for a rotating member is a hole through
a piece of metal. The rotating member is called a shaft or journal. A
solid bearing is shown at I, Fig. 162. The shaft may rotate about a

vertical axis as at II, in which case the support is called a step bearing.

Plain Step Thrust

FIG. 162. Bearings.

The bearing shown at III is designed to prevent endwise motion by
means of collars which run in spaces provided in the bearing. This is

called a thrust bearing.
124. Smoothness of surfaces is only relative. Surfaces in contact

wear rapidly so that it is necessary to provide for lubrication and for

taking up the wear. For this reason the bearing is generally made in

two parts. When this is not done a ring of metal called a bushing is

fitted into the bearing and may be replaced when worn. Divided bush-

ings are used when the bearing is made in two parts. Such bushings are

called shells or boxes.

125. Bearing Metals. For low pressures cast iron may be used but

at high pressures and speeds it is liable to
"
seize" as the heat cannot be

FIQ. 163. Bearing Boxes.

86
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dissipated fast enough. For this reason other metals are used such as

brass, various white metals and babbitt. Babbitt metal is softer than

FIG. 164. Babbitted Boxes.

brass, flows more easily under pressure, and if heated will melt without

seizing. Its frictional resistance is low so that it makes a good material

--Length = /?D 2

FIG. 165. Solid Bearing.

to use. It is too weak to support a load so it has to be held in place by
shells of brass or cast iron which are provided with anchorage grooves.

The babbitt may be melted and poured into the shell, using the shaft

to mould it to the right size. For better work a smaller shaft is used and

the babbitt is peened into firm contact with the shell after which it is

bored and scraped to size.

126. Various forms of brass and white metal boxes are suggested in

Fig. 163. The thickness t may be made about (d + 1.5)/12 where d

equals diameter of shaft. Babbitted boxes are indicated in Fig. 164

with some methods of supporting the babbitt. The thickness t may be

made about (d + 1)/12 where d equals diameter of shaft.

127. Simple Bearings. For a simple solid bearing the proportions of

Fig. 165 may be used. Some dimensions for a babbitted bearing, Fig.

166 are given in Table 12. A split babbitted bearing is given in Fig.

167 with some dimensions in Table 13. The data in tables 12 to 16 are

from the Royersford Foundry and Machine Company.
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FIG. 166. Solid Babbitted Bearing.

TABLE 12 (FiG. 166)

SOLID BABBITTED BEARING

Size of
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FIG. 167. Split Babbitted Bearing.

TABLE 13 (FiG. 167)

SPLIT BABBITTED BEARING

Size of
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TABLE 14 (Fio. 168)

UNIVERSAL RING OILING HANGERS

FIG. 168.

Hanger Bearing,

Size of
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FIG. 171. Length of Belt.

FIG. 170. A Rigid Post Box.

TABLE 15 (FiG. 170)

RIGID POST BOXES

Size of
QVioff
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131. A graphical method of finding the length of belt for cone pulleys

is given in the American Society of Mechanical Engineers Transactions,
Vol. X. Given R i and Rz and distance between centers C, Fig. 172.

FIG. 172. Cone Pulley Radii.

Draw circles with radii Ri and Rz and a line tangent to them. At middle

point of C erect a perpendicular and locate a point on it, .314 C above

center line. With this point as a center, draw an arc tangent to the

belt line. Lines tangent to this arc will determine diameters of other

pulleys requiring the same belt length.

When crossed belts are used, the sum of the diameters of each pair of

pulleys must be equal to the sum of the diameters of every other pair.

FIQ. 173. Belt Tension.

132. Horsepower Transmitted by Belts. Power is transmitted by a

belt because one side is tighter than the other. The difference in pull

on the two sides depends upon the tightness of the belt, the friction be-

tween the belt and the pulley and the arc of contact or wrap of the belt

around the pulley. The tight side of a belt should come on the bottom

so that any sagging of the belt will increase the arc of contact as at I,

Fig. 173, where T\ is the tension in the tight side and T% in the slack side.

The power transmitted by a belt is determined by the difference in

tensions and the speed of the belt. The horsepower transmitted is equal

to the effective pull times the speed divided by 33,000 which may be

written as a formula.

Wi-JAv = HP
33,000
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Ti = Tension on tight side in Ibs.,

T2
= Tension on slack side in Ibs.,

V = Speed in feet per minute.

The value of TI may be taken at 35 to 50 Ibs. per inch of width for

single belts and 60 to 90 Ibs. per inch of width for double belts. The
value of V should be less than 2,000 feet per minute when this formula

is used.

For higher speeds the effect of centrifugal force must be considered.

(See Machinery's Handbook or Mark's Handbook.)
Common empirical rules often used are:

WV
for single belts1 HP

and

1000

WV

TF = Belt + H"
or more

100

w= .6T7tol.2TF

B =:

1 JC1JT

<
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The taper toward the rim may be l

/4
/f

to 3
/s" per foot on each side. In

the left hand view the taper may be about half as much. Several forms

of rims and hubs are indicated in Fig. 175. In order to prevent a belt

from slipping off, the face of the pulley may be provided with flanges as at

6 12 18 24 30 36 42 43
Width of Pu/ley in Inches

FIG. 176. Crowning Chart.

IV, Fig. 175. The usual method, however, is to use a "crowned"

pulley as at II and III. The belt tends to "ride" on the highest part
of the pulley. The amount of crowning varies greatly but may be taken

from Fig. 176.

HIES
FIG. 177. Pulley Arms.

134. Pulley arms are commonly made elliptical in section although

TABLE 16

STANDARD KEYSEAT DIMENSIONS
For Pulleys and Rope Sheaves

Diameter
of Shaft,
Inches

1V8
IVw !*/

2/ie 2 3
/s

2Vie 2/s
2/ie 2'/8
2 18

/16 3 J

/8

3/M 3*/8

W

3A

VM
6
/8

*/*
7

3
/8

Diameter
of Shaft,
Inches

3 7
/i6

3 7
/s

5 3
/s

ie 5*/8

6'Vio 7 7
/8

7 16
/i6 8 7

/8

TF

I 1
/!

7
/16
15

/32

FIG. 178. Keyseats.
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other sections are sometimes used, Fig. 177. Standard keyseat dimen-

sions for pulley hubs are given with Fig. 178 in Table 16.

FIG. 179. C. I. Split Pulley.

135. For convenience, cast iron split pulleys, Fig. 179, are made.

Steel pulleys are light and strong and can be used at higher speeds than

cast iron. For some purposes wood pulleys, Fig. 180, are desirable.

FIG. 180. Wood Pulley.



CHAPTER VII

SHAFTING AND COUPLINGS

136. Shafting. Shafting is made from various grades of wrought
iron and steel. Cold rolled shafting is much used. This is shafting

which has been cleaned of scale and rolled under pressure. It can be

used for many purposes without machining to size and is considerably

strengthened by the surface which comes from the rolling process. Cold

rolled shafting is ordinarily made in diameters starting at Vie", increasing

by Vie" and in lengths up to 24 feet.

Hot rolled shafting is "black" and must be turned to size before using.

Actual diameters are Vie" less than nominal diameters.

137. Standard Sizes. It is probable that diameters of shafting will be

standardized in order to do away with the present great variety. De-

sirable sizes for standard shafting are reported in the A. S. M. E. Journal

(Mechanical Engineering, April, 1920) as follows:

Transmission Shafting Diameters:
16
/i"; IV; IV; i l

Vu"; i"/w"; 2V; 2V; ^V; 3V; 3*V; 4V;
416

/ie"; 5V; 5/is"

Machinery Shafting Diameters:

Size intervals extending to 2 x
/2 in., by sixteenth inches; from 2 L

/2 in., to 4 in.,

inclusive by eighth inches; and from 4 in., to 6 in., by quarter inches.

138. Special Shafts. Special shafts have to be forged of steel suitable

for the particular purpose. Shafts for machine tools and power machin-

ery are made with varying diameters and must be completely dimensioned

as indicated in Fig. 126.

139. To Compute the Diameter of a Shaft. The diameter of a shaft for

a given purpose will depend upon the material, the speed, and the char-

acter of the load. If a force is applied at a distance from the center of a

shaft it will tend to twist the shaft, Fig. 181. The measure of this
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twisting tendency is called the twisting moment and is equal to M t
= PR

in which P = pounds and R = inches. The moment of the stress within

the shaft must equal this twisting moment, or

in which S' = shearing stress in pounds per square inch, r = radius of

shaft in inches, and J = polar moment of inertia.

For a solid shaft J = Trd4/32 in which d = diameter of shaft.

Then PR = S'irds
/16 or solving the equation for d this becomes

which is the formula for figuring the size of a solid shaft.

For a hollow shaft

PR = Ŝ rf/1A

in which d\ outside diameter and d% = inside diameter.

140. Horse Power Transmitted. To figure a shaft for a given horse

power let H.P. = horsepower = 33,000 ft. Ibs. per minute and N =
number of revolutions per minute.

H p
12 X 33,000

Substitute the value S'vd*/lG for PR and the equation may be put
into the form

321,000 H.P.

8'N

This formula may be written

7d = k
N

Values of k for different values of S' are given in Table 17.
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TABLE 17

8'
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Values of this constant, as given by the B. F. Sturtevant Co., follow.

Turned steel shafting, head shafts, well supported. Constant = 125.

Cold rolled shafting, head shafts, well supported. Constant = 100.

Turned steel shafting, line shafts, bearings 8 ft. apart. Constant = 90.

Cold rolled shafting, line shafts, bearings 8 ft. apart. Constant = 70.

Turned steel shafting, countershafts, bearings not over 8 ft. apart. Constant = 50.

Cold rolled shafting, countershafts, bearings not over 8 ft. apart. Constant = 40.

Values of d?N are given in Table 18.

142. Shaft for Bending and Twisting. When a shaft carries a heavy

flywheel or is otherwise subject to bending as well as twisting we must

allow for both stresses. This is done by finding a moment equivalent

to the bending and twisting moments together using the formula

M e
= M + AM,2 + M2

.

in which M e
= equivalent moment. M = bending moment and M t

twisting moment.
The formula for diameter then is

d =

143. Shaft Details. Methods of dimensioning shafts and other de-

tails are given in Chap. IV. Square and filleted shoulders and a shaft

collar are indicated in Fig. 182. The filleted form is, of course, stronger
than the square corner shoulder. A part of a shafting drawing is shown
in Fig. 183. Note the various series of dimensions, the location of

bearings, pulleys and other details.

Square Shoulder FUlet Collar

FIG. 182. Square and Filleted Shoulders.

144. Couplings. Couplings for joining lengths of shafting together

are made in many forms. A solid sleeve or box coupling is a hollow

cylinder which holds the ends of the shafts, Fig. 184. Set screws or

keys are used to hold the shafts in place. Table 19 gives dimensions.*

* Tables 19 to 22 are from the Royersford Foundry and Machine Company, Inc.
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Sold Collar

COUNTERSHAFT NO. 1.

jj'Diu e'-J'Long. Four Wonted

Fig. 183. A Shafting Drawing.

TABLE 19 (FiG. 184)

* DIMENSIONS OF SOLID SLEEVE COUPLINGS

FIG. 184. Solid Sleeve Coupling.

145. The split box or clamp coupling, shown in Fig. 185, is made in

halves which are bolted together and are keyed to the two shafts. Some
dimensions are given in Table 20.

146. A simple flange coupling is illustrated in Fig. 186. Each half

is keyed to the end of a shaft and the two halves bolted together. Some
dimensions are given in Table 21.
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FIG. 185. Clamp Coupling.

TABLE 20 (FiG. 185)

* DIMENSIONS OP CLAMP COUPLINGS

Size of
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FIG. 186. Flange Coupling.

TABLE 21 (Fia. 186)

* FLANGE COUPLINGS

Size of

Shaft,
Inches
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A square jaw clutch coupling is shown in Fig. 187 and dimensions are

given in Table 22.



CHAPTER VIII

JIGS, FIXTURES, AND DETAILS

147. Jigs and Fixtures. It is not the purpose of this book to discuss

the design of jigs and fixtures but a few suggestions bearing upon the

drafting of such devices will be given.

Jigs and fixtures have come into existence through the standardizing

of operations necessary for quantity production and interchangeable

manufacture.

148. Fixtures. The terms jigs and fixtures are often used for the

same thing. A fixture may be considered as a device to hold work on a

machine in the proper position for the different operations and is de-

pendent upon the action of the machine to accomplish its purpose. Fix-

tures are classified by the machines with which they are used and the

method of machining, operating, etc. A milling machine fixture might
be considered as typical.

149. Jigs. A jig may be considered as a device for holding a piece to

insure uniformity when a number are to be made. For instance a

drilling jig would hold a piece and provide a means for guiding the drill

so that each piece would have the holes drilled alike. It is not dependent

upon the machine with which it is used. Jigs might be classed as cast

iron box jigs, template type, interchangeable bushing type, etc.

150. Jig and Fixture Drawings. The general procedure for making

drawings of shop devices is similar to any other kind of design drawing.

Ream

FIG. 188. Simple Beam Detail.

The "production," or part to be machined should be drawn first,

using light pencil lines or other distinctive representation, to show its

104
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form after the operations have been completed. The jig or fixture can

then be designed
" around" the piece.

The considerations given in Art. 153 should be kept in mind. Finished

surfaces should be indicated and necessary dimensions given. Limits of

accuracy must be specified where required.

151. A typical jig drawing for the simple beam of Fig. 188 is shown in

position in Fig. 189. The work is shown in position by light dash lines.

The work rests upon the finished pads of the body and is held by the two

screws which pass through the lid. Two "V" blocks, one of which is

adjustable, fix the work in its horizontal position. The bushings for

drilling and reaming are held in the lid. The lid is hinged at the left

end and clamped at the right end.

152. A fixture drawing for the arm detail of Fig. 190 is shown in

Fig. 191. Two swinging blocks are used to locate the arm for the first

-0 Tap

FIG. 190. Arm Detail.

operation. These are then dropped down and two large blocks are used

to hold the end which has been machined while the second operation is

performed. Figs. 188 to 191 are from drawings kindly supplied by
Arthur Brock, Jr., Tool and Manufacturing Works.

153. Fixture Design. The many forms of jigs and fixtures will not

be described here and the reader is referred to the books and articles on

this subject.

The Cincinnati Milling Machine Company in their
"
Treatise on

Milling and Milling Machines"* have a chapter on jigs and fixtures which

* Published by Cincinnati Milling Machine Co., Cincinnati, O. Price $1.50.
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has been used in the preparation of these articles including the following,
" Axioms for the Fixture Designer."

1. The clamp should be immediately above the supporting point.

NOTE. Disregard of this leads to springing of the work, or lifting of the

work due to support point being transformed into a fulcrum.

2. Three fixed supporting points should be the maximum for any rough surfaces.

3. Supporting points for finished surfaces should be as small in area as is consistent

with the pressure to be exerted by the clamps.
4. All supporting points should be set as far apart as the nature of the work will

allow.

5. All side clamps should be arranged to press downward.

6. The fixed supporting points should always circumscribe the center of gravity

of the work.

7. All supporting points over and above the original three should be sensitive in

their adjustment.
8. All clamps and adjusting supports should be operated from the front of the

fixture.

9. All clamps and support points that are operated or locked by wrench should

have the same size head.

10. Support points should be set so high above the body of the fixture as to minimize

the amount of cleaning required.

11. Support points should have provision for easy removing and replacing in the

event of breakage.

12. Fixed support points should have provision for adjustments to take care of

variations in castings from time to time.

13. Clamps should be arranged so that they can be easily withdrawn from the work.

NOTE. This is to avoid lengthy unscrewing of the nut in order to give ample
clearance between clamp and work.

14. Springs should be used to hold clamp up against clamping nut.

NOTE. This is to avoid the falling down of the clamp and the consequent
loss of time attendant on holding it up while inserting the work beneath.

15. Supporting points and clamps to be accessible to the operator's hand and eye.

16. Adequate provision for taking up end thrust so that this will not be dependent

upon friction between work and clamp.

All of the above axioms are applicable to almost every type of fixture.

154. Some considerations in the design of fixtures are given as:

"1. Rapidity of Clamping.
"2. Accessibility for Inserting and Removing Work.

"3. Generous Ducts for the Escape of Chips and Lubricant.

"4. Removal of the Clamping and Supporting Members from the Cutter

Zone. (Safety of Operation.)

"5. Elimination of Clamping Strains from Table of Machine and Ab-

sorption of Same in Fixture.

"6. Provision of Mass in Excess of Necessary Rigidity to absorb

Chatter."
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155. Standard Parts for Jigs and Fixtures. There are certain stand-

ard constructions and parts of jigs and fixtures with which the designer

must become familiar, especially those used in his own line of work.

FIG. 192. Adjustable Support Pins.

Such details as bushings, handles, clamping devices, support pins,

setting pieces, etc., might be considered. A few parts are given in Figs.

II E E

FIG. 193. Support Pins and Screws.

192 to 194, to which the reader should add sketches of special devices and

arrangements. Dimensions will be found in the various machine hand-

books. Table 23 of standardized bushings is condensed from the data

sheet book of the Wright-Fisher Bushing Corporation, who publish very

complete tables of dimensions of their standardized bushings, liners, etc.

Diameters may be had varying by Vw" and in four standard lengths for

each size.
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Plain Stationary Bushing Shouldered Stationary Bushing Slip Bushing

FIG. 194. Bushings.

TABLE 23 (Fio. 194)

DIMENSIONS OF STANDARDIZED BUSHINGS

D
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157. The application of holding devices is shown in Fig. 196, and

drawings for some "CAD" standardized appliances are shown in Fig.

Single End Clomp

i

FIG. 196. Holding Devices Applied.

197. Drawings and dimensions were furnished by Mr. H. Cadwallader,

Jr., of the Standard Shop Equipment Co., Philadelphia, Pa. Such de-

_i_
\ .L_-_

4*
6 "Step Block Wedge

FIG. 197. Standardized Appliances.
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vices can be purchased ready for use in a great variety of sizes and forms

and save a great deal of time.

158. The tables and notes which follow will suggest further informa-

tion which the draftsman should have available in handbooks and note

j-//f -j
0005"per inch taper

FIG. 198. A Lathe Mandrel.

books. Standard T slots are given in Table 24, and "CAD" steel

washers and machine table bolts in Tables 25 and 26. Standard tapers

such as Jarno, Brown and Sharpe, Morse, etc., are given in full in the

American Machinist and Machinery Handbooks. A lathe mandrel is

drawn in Fig. 198 and a pipe tap in Fig. 199.

.843"r~lats tf/^. $perFt taper

A...
B...
C...
D..

.\
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TABLE 26

DIMENSIONS OP MACHINE TABLE BOLTS

Bolt
Dia.. .



CHAPTER IX

GEARS AND CAMS

159. This chapter is intended to give an introductory knowledge of

gears and cams so that drawings of them can be made and understood.

For a complete theoretical treatment a good text on mechanism or a

special book on gears or cams should be studied.

160. Pulleys and Gears. Consider two discs or wheels secured on

shafts and placed so that the surfaces of the wheels are in contact, Fig.

200. If one of the wheels is turned and there is no slipping, the other

FIG. 200. Friction Wheels.

will turn, but in an opposite direction. If the pulley A has a diameter

of 3" and the pulley B a diameter of 9", it will be necessary for pulley A
to make three revolutions while pulley B makes one revolution. The

velocity ratio is 3.

Driven

36 Teeth

FIG. 201. Pinion and Gear.

If the forces are large or it is necessary to prevent slipping, gear teeth

may be added to the two wheels as in Fig. 201. The ratio of velocities

114
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or the number of turns for gears is figured by using the number of teeth

on each wheel. In the figure gear A has 14 teeth and gear B has 49

teeth, so that gear A must make 49/14 = 3 J

/2 turns for one turn of gear B.

The smaller of the two gears is called a pinion.

The direction of revolution is indicated. The diameters, or number of

teeth, or revolutions may be calculated by the formulas which follow:

TI = number of teeth in first gear

Ni = revolutions per minute of first gear

DI = diameter of first gear

Ri = radius of first gear
T2

= number of teeth in second gear

N2
= revolutions per minute of second gear

Z)2 = diameter of second gear

Rz radius of second gear.

Then

It is not always convenient to have the wheels in contact and other

considerations often make it necessary to separate the pulleys or wheels.

FIG. 202. Belt Drive.

Some form of belt, rope or chain is then used as in Fig. 202. The for-

mulas for Figs. 200 and 202 are:

D2 Ni Rz Ni'

161. Gear Teeth. Some of the terms used in gear work and the

names of parts of gear teeth are illustrated and named in Fig. 203. The

pitch circles are circles having diameters of rolling cylinders which would
have the same velocity ratio as the gears which replace them.

The circular pitch as illustrated is the distance from a point on one
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tooth to the same point on the next tooth measured along the pitch
circle.

Circular Pifeft' Dedendum
Whole dep>t.

Fio. 203. Gear Terms.

The diametral pitch is the number of teeth per inch of pitch diameter.

The other terms can be understood from the illustration.

162. Spur Gears. The gear wheels just described are called spur

gears. The tooth outline for gears may be either a cycloid or an in-

volute. The cycloidal system is used for large cast gears. For most

purposes cut gears are now used. These are made on the involute system.
The calculations for spur gears may be made from the formulas which
follow.

P = diametral pitch,

Pc
= circular pitch,

N number of teeth,

DP = pitch diameter,

Do = outside diameter,

= addendum,

1 + .157

D,

P
2 + .157

dedendum,

depth of cut.

N = DP XP

N = PD - 2

163. Spur Gear Drawing. It is not necessary to draw the tooth
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outline for cut gears. The gear specifications required for cut gears are

outside diameter, diametral pitch, depth of cut, and number of teeth.

A spur gear drawing with dimensions is shown in Fig. 204. Note that

4 P 60 Teeth
15

"
Pitch Diam.

Depth of cut 539 CAST //?O/V GEAR
Scale 6 "= I Ft

FIG. 204. A Spur Gear Drawing.

the teeth are not shown and are not sectioned. Root diameter is repre-

sented by a dash line, the pitch diameter by a dot and dash line, and the

outside diameter by a full line. Hubs, arms and rims are discussed in

Chap. VI.

164. Bevel Gears. Two cones in contact might be used to transmit

FIG. 205. Friction Cones.
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motion from one shaft to another as in Fig. 205. To prevent slipping,

teeth may be used and the cones become bevel gears. Two bevel gears

FIG. 206. Bevel Gears.

of the same size with shafts at right angles are called mitre gears. A
pair of bevel gears is shown in Fig. 206. The shafts may make any angle

with each other. The terms used and the parts of a bevel gear are given

FIG. 207. Bevel Gear Terms.

in^Fig. 207. Note the location of the pitch diameter and that the da-

dendum and dedendum are measured at the large end of the gear tooth.

A bevel gear drawing is shown in Fig. 208.
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K-//39 *-

58-55
34-42

GEAR
26 Teeth 5 R
/
H
5 Involute

"f "all over

FIG. 208. Bevel Gear Drawing.

165. Worm Gearing. A worm and wheel are shown in Fig. 209. A
worm is a screw having a section on a plane through its axis of the same
form as an involute rack tooth. The gear which is driven by the worm

Fia. 209. Worm and Wheel.
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is called a worm wheel. The worm may have single, double, or multiple
threads as explained in Chapter II for screw threads. The velocity

ratio is found by dividing the number of teeth in the worm wheel by 1

for a single thread worm, by 2 for a double thread worm, etc. A worm
and wheel drawing are given in Fig. 210.

u e .j
.

.

!* 64 Throat Diameter
!i-* 6 Pitch Diameter

Lead .393

WORM GEAR 48 Teeth 8P Sing/eft. H. WORM Smg/e R H

FIG. 210. Worm and Wheel Drawing.

166. Cams. A cam is a plate having a curved outline or groove, or a

cylinder having a groove, and is used to change rotary motion to re-

-I

FIG. 211. Cams.
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ciprocating motion. The reciprocating motion may be variable or

intermittent. The part to which motion is given is called the follower.

Several forms of cams are shown in Fig. 211.

167. To Draw a Plate Cam. A cam outline is required which will

raise the follower with uniform motion a distance of l
l

/2
"

during one

third of a revolution of the cam.

The follower is dropped uniformly during the next third of a revolution

and remains at rest for one third of a revolution. Refer to Fig. 212.

Cam with Point Follower.

Given the center of the cam, C and the rise of the follower, 04. With
C as a center and radius CO, draw a circle. Divide this circle into three

equal parts by radii CD, and CE. Then divide rise into a number of

equal parts as shown at 1, 2, 3 and 4. Divide arc OD into same number of

equal parts and draw radii through points thus located as at II. With
C as a center and radius Cl draw arc cutting radius Cli, produced at

1' as shown at III. Then C2' = C2; C3' = C3; C4' = C4. A smooth

curve through points 1', 2', 3', and 4' will give a part of the. cam outline.

The curve from 4' to E is found by laying off the true distances on each

radius as for the rise. Since the follower is to be at rest an arc from E
to with radius CO will complete the cam outline.

168. If a roller is used instead of a point on the follower the cam will

be smaller. Proceed as for Fig. 212 which will give the curve followed by
the center of the roll shown in Fig. 213 as a dot and dash line and called

the pitch line. With a radius equal to the radius of the roll and centers

on the pitch line draw arcs to which a tangent curve can be drawn to

give the cam outline.

9
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in

FIG. 213. Cam with Roller Follower.

169. Kinds of Motion. The follower may have uniform motion as

in the cases described, harmonic motion, uniformly accelerated motion,

or irregular motion. If the follower rises equal distances in equal in-

tervals of time, we have uniform motion, shown in a diagram at I, Fig.

214. When uniform motion is used, a circular arc is often used at the

i n
Fia. 214. Kinds of Motion.

beginning and end to decrease the shock of sudden starting and stopping,

Fig. 214 at II.

170. The diagram for harmonic motion is shown at III. Points on
the travel of the follower are located by drawing a semi-circle, dividing
it into a number of equal parts and drawing lines to the line of travel as

shown. A cam with this motion can be run at a higher speed. The

unequal distances vertically on the line of travel are moved over in

equal intervals of time.

171. Uniformly accelerated motion gives the easiest working cam.

The follower has the same motion as a falling body. The distance passed
over is proportional to the square of the time. The distances on the

travel of the follower are made proportional to 1, 3, 5, 7, etc., and reverse

as shown at IV, Fig. 214.
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Other kinds of motion are used to meet special conditions.

172. When the center of the follower is not in line with the vertical

radius, Fig. 215. The follower is to rise uniformly during one half revolu-

II IE

Fia. 215. Cam with Offset Follower.

tion and fall during the second half. Draw center line of follower down
until it crosses horizontal center line through cam at M. With CM as a

radius draw a circle. Divide rise of follower in parts to give harmonic

motion. Divide one half of the circle just drawn into as many equal

parts as there are spaces in the rise, and draw tangents at each point as

shown. With C as a center draw an arc passing through point 1 on the

rise and cutting tangent from point li at 1'. Arcs with C as a center

and passing through points 2, 3, and 4 will locate other points through
which a smooth curve can be passed.

FIG. 216. Cam with Lever Follower.
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173. When levers are used to transmit motion from the cam,

Fig. 216, the method of solution is similar to the previous cases. Given

the center of the cam shaft, center of bell crank shaft, lengths of arms and

travel required at end of long arm as shown at I.

The end of the long arm is to rise uniformly during one third revolu-

tion, drop half way down instantly, remain at rest one third revolution

and drop uniformly during the remaining third of a revolution.

Draw arcs with X as a center. Divide the travel into a number of

equal parts and draw horizontal lines to locate points on the large arc.

Find corresponding points on the small arc. The points on the cam out-

line are then located as shown in the figure.

174. The construction for a cam with flat follower is shown in Fig.

217. The follower is to rise during one half revolution, remain at rest

FIG. 217. Cam with Flat Follower.

one sixth of a revolution and fall during the remaining one third revolu-

tion. Divide the rise into a number of equal parts. Draw circle with

CO as a radius. Divide arc CD into same number of equal parts as

rise. Draw radial lines. Lay off distances Cl, C2, etc., on the radii to

locate points 1, 2, etc., at points 1', 2', etc., draw perpendiculars to the

radii. A smooth curve drawn tangent to these perpendiculars will be the

cam outline.

175. Cylindrical Cams. A cylindrical cam is a cylinder having a

groove which gives the desired motion to a roller, Fig. 218. The pitch

line for a cylindrical cam is first drawn on the development of the cam
surface. Fig. 219 illustrates the solution of a cylindrical cam problem.
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The travel is indicated on the figure. The follower is to move one half

the distance with uniform motion during one fourth of a revolution,

FIG. 218. Cylindrical Cam.

remain at rest one fourth of a revolution, rise uniformly during one fourth

revolution and drop with harmonic motion during the remaining one

fourth revolution. Divide the circle into a number of equal parts and

lay them off on the stretchout line. The first three quarters of a revolu-



CHAPTER X
PIPING DRAWINGS

176. Piping. The frequent occurance of piping in engineering work

makes it necessary for the machine draftsman to know something about

the sizes of pipe, fittings, etc., and their representation. For a com-

plete treatment see the author's "Handbook on Piping/' D. Van Nos-

trand Co., N. Y. The following material is based upon the above book.

177. Uses and Materials. Piping is used for conveying fluids

steam, gas, air, water, etc., and is made of cast iron, wrought iron, steel,

lead, brass and other materials. Cast iron pipe is cheaply made and

is used for underground gas, water, and drain pipes, sometimes for ex-

haust steam and for low pressure steam. Wrought pipe, of iron or steel,

is most commonly used, especially for high pressures. For hot or im-

pure water, brass pipe is preferred as it does not corrode like iron or

steel. Spiral riveted piping is often used for large diameters.

oo
Standard Extra Heavy Double Extra Heavy

FIG. 220. Sections of f
"
Pipe.

178. Pipe Sizes. Wrought pipe is specified by its nominal inside

diameter for sizes up to 12 inches. The Brigg's Standard dimensions

are used in America. The nominal diameter varies from actual diameter

as indicated in the dimensions, Table 27. Standard pipe is used for

pressures up to 125 pounds per square inch. Extra strong and double

extra strong pipe are made for use at high pressures. The extra thick-

ness is obtained by reducing the inside diameter, the outside remaining
constant for a given nominal diameter, Tables 28 and 29. Actual cross

sections for the three weights of 3
//' pipe are shown in Fig. 220. Above

twelve inches, pipe is known as O.D. or outside diameter pipe and is

specified accordingly. The thickness may be any desired amount.

126
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179. Pipe Fittings, Valves, etc. For joining lengths of pipe and

FIG. 221. Screwed Pipe Fittings.

making turns and connections, fittings are used, Fig. 221. Such fittings

consist of flanges, couplings, tees, ells, crosses, etc. Small pipe is "made

up" by means of screwed fittings, Fig. 222. Some dimensions are given
in Table 30. A screwed union and a flanged union are shown in Fig. 223.

180. Flanged Fittings. Flanged fittings, Fig. 227, are to be pre-

ferred for important or high pressure work. Regular fittings are now

TABLE 27

STANDARD PIPE THREADS
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TABLE 28

EXTRA STRONG WROUGHT PIPE
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FIG. 222. Walworth C. I. Fittings.

TABLE 30

WALWORTH Co., STANDARD CAST IRON FITTINGS

Size of

Pipe,
Inches
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FTG. 224. Globe Valve.

made with dimensions of the American Standard as devised by a com-

mittee of the A. S. M. E., and a Manufacturers' committee. This

standard fixes the dimensions for standard weight fittings (125 Ibs.)

from 1 inch to 100 inches and for extra heavy or high pressure fittings

(250 Ibs.) from 1 inch to 48 inches. The following tables give some of

the dimensions, revised to March 7th and 20th, 1914.

181. Valves. There are two general classes of valves, globe valves

and gate valves. The globe valve has a spherical body and a circular

opening at right angles to the axis of the pipe. A section of a globe

valve, together with the names of the principal parts, is shown in Fig. 224.

F

FIG. 225.

&
Valve Seats.
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FIQ. 226. Gate Valve.

90 Ell Double Branch Side Out/el- Long Radius 45*\
E/J EH E//

|--X?>k/j-^

ffiL
'O-J-O'T

Tee -Single ^>weep >oi/6/e

Tee Tee
Side Out/ef

Tee.

/

Latera/ Rec/t/cer Rec/vcer

Fia. 227. Flanged Fittings.
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NAMES OF PARTS OF GLOBE VALVE

1. Stem nut,

2. Hand wheel,

3. Valve stem,

4. Valve nut,

5. Valve (swivel),

6. Valve body,
7. Gland nut,

8. Gland,
9. Bonnet,

10. Bonnet ring.

A valve may be used in place of an elbow and a globe valve, in which

case it is called an angle valve. There are several objections to the use

of globe valves, among which are the resistance which they offer to the

fluid and the water pocket which is present when they are used for steam

lines. They are desirable, however, when throttling is necessary.

TABLE 31 (Fio. 227)

AMERICAN STANDARD FLANGED FITTINGS

125 Pounds Working Pressure

Size

Inches
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A variety of valve seats is shown in Fig. 225. In the figure A, B and

C are plain flat seats; D is a concave or spherical seat; E and F are rounded

seats; G is a square seat and H is a bevel seat. Any of these forms may
be made as a part of the valve body or separate, and either screwed or

forced into place.

A gate valve is shown in section in Fig. 226, and as will be observed

has its openings parallel to the cross section of the pipe, so there is little

or no resistance to the flow, making it preferable for most purposes.

TABLE 32 (Fia. 227)

EXTRA HEAVY AMERICAN STANDARD FLANGED FITTINGS

250 Pounds Working Pressure

Size

Inches
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TABLE 33

AMERICAN STANDARD PIPE FLANGES

125 Pounds Working Pressure

Size

Inches
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r

Elbow

E/bow

Tee

Cross

Y-Branch

I ~|

Screw Union

Va/ve- Plan

C/obe Valve

Check Valve

flx]} .<*/>

l-PT-j
Cafe Va/^e

Valve

[I Ptug Va/^e
[I

FIG. 228. Single Line Conventions.

Throtf/e

Elboi*

Tee

Riser

Flange Union

2 Elbow or EH

Fia. 229. Double Line Conventions.
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TABLE 34

EXTRA HEAVY AMERICAN STANDARD PIPE FLANGES

250 Pounds Working Pressure

Size

Inches
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tion of valves, branches and outlets. A drawing to show the layout of

existing pipe lines need not be as complete and is often made to small

scale, using single lines to represent the pipe with notes to tell sizes,

location and purpose for which the pipe is used. A drawing to show

proposed changes should give both existing and proposed piping, using

Fia. 2,30. Diagrams of Apparatus.

different kinds of lines to distinguish the changes. Dot and dash lines,

dash lines, or red or other colored ink may be used for this purpose. A
drawing for repairs may consist of simply the part to be repaired, or

may show the location or connection between the repairs and apparatus
or other parts of the system. Drawings for repairs should be checked

very carefully and just what is to be replaced or repaired should be made
clear.

183. Most of the general rules for dimensioning drawings hold for

piping plans, but there are a few points which may be mentioned. Al-

ways give figures to the centers of pipe, valves and fittings, and let the

pipe fitters make the necessary allowances. If a pipe is to be left un-

threaded, it is well to place a note on the drawing calling attention to

the fact. If left-hand (L. H.) threads are wanted it should be noted.

Wrought pipe sizes can generally be given in a note using the nominal

sizes.

Flanged valves when drawn to large scale may have the overall dimen-

sions given, the distance from center to top of hand wheel or valve stem

10
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when open and when closed, diameter of hand wheel, etc. Separate

flanges should be completely dimensioned as should all special parts.

It is necessary that the location of the piping should be definitely given,

which means that the parts of the building containing the piping must

be shown and must be accurately dimensioned. The location of ap-

paratus and the pipe connections should be given by measurements from

the center lines of the machines, distances between centers of machines,

heights of connections, etc.

Final drawings should be made after the engines, boilers and other

machinery have been decided upon, as they can then be drawn com-

pletely and accurately. At least two views should be drawn, a plan and

elevation. Often extra elevations and detail drawings are necessary.

Every fitting and valve should be shown. A scale of 3
/s inches equals 1

foot is desirable for piping drawings when it can be used, as it is large

enough to show the system to scale.

184. Piping Sketches. Sketching is an invaluable aid as a pre-

liminary step in any kind of drawing, and a sketch is often the only

O
Turbine Exhaust.

Fia. 231. Pictorial View.

drawing needed. One's idea can be made clear and the number and

kind of fittings and valves checked up in this way. Where only a small

amount of work is to be done, a sketch may be made and fully dimen-

sioned, from which a list of pieces can be made with lengths, sizes, etc.

This will avoid mistakes in cutting, and the sketch shows just how the
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parts go together without depending upon memory. Such a sketch

may be used to order with, but in such cases it should be made upon

tracing cloth or thin paper so that a blue print can be made as a record.

An H or 2H pencil will give lines black enough to print if ink is not used.

The figures, however, should be put on in ink in all cases. If only one

FIG. 232. Developed Sketch.

or two copies are wanted carbon paper may be used. Dimensions and

notes should be put on as carefully as on a finished drawing. The

general procedure is much the same as for all kinds of sketching. First

sketch the arrangement, using a single line diagram. When satisfactory

the real sketch may be started by drawing the center lines, estimating
locations of fittings, valves, etc., which should be spaced in roughly in

proportion to their actual positions. The piping, valves, etc., can then

be sketched in, using any of the conventions shown in Figs. 228 and 229.

Finally locate dimension lines, figures and notes, together with the date

and a title of some kind. Pictorial methods can be used to great ad-

vantage for sketching purposes, especially for preliminary layouts, as

the directions and changes in levels can be clearly shown.

185. Developed or Single Plane Drawings. It will often be found

convenient to swing the various parts of a piping layout into a single
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plane in order to show the various lengths and fittings in one view. Dif-

ferent methods of showing the same piping are here illustrated. Fig.

231 is a pictorial view using single lines to show the position in space;

Fig. 232 is a developed line sketch with the sizes, fittings, etc., written

on, and Fig. 233 is a developed drawing with complete dimensions and
notes. Such drawings are valuable when listing or making up an order

as well as for the pipe fitters to work from. A freehand line sketch, as a

preliminary step in laying out a steam line, can often be made in this

way.





CHAPTER XI

Trim Line-\

PROBLEMS AND STUDIES

186. Preliminary Instructions. A thorough understanding of the

graphic language the language of engineering can be had only by

applying it to a large number of problems. The problems in this chapter

are sufficient to al-

low changes in the

course given from

year to year. The

subjectsasarranged
follow the text in a

general way and

suggest the outline

for a course. Since

working directions

are given for each

problem the order

of presenting them
can be varied at

the discretion of

the instructor.

Working Space

^Margin

-14

17

FIG. 234. Standard Layout.

187. Most of the drawing studies can be worked in an 11" x 14"

space, the layout for which is given in Fig. 234 or in a division of the

space as indicated in Fig. 235. If 18" x 24" paper is used it will give

7x11 5^x7

I I
Fia. 235. Two Part and Four Part Layout.

two sheets with trim lines only at the ends. An inspection of the problem
will indicate the proper space where it is not given in the statement of

the problem. If a double size sheet is required the dimensions of Fig.

236 may be used.

143
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Many of the problems given for a 572" x 7" space can be worked to

advantage in an 11" x 14" space by using a different scale or in a few

cases by doubling all dimensions. A form of record strip is given in

Fig. 237. Such a record strip should be a part of every drawing.
Trim Line-^ i

-//. 21

24

Working Space

Margin

FIG. 236. Double Size Layout.

ELEMENTARY PRINCIPLES
188. The problems given in this section are intended for review purposes. It is

not necessary to work all of them. Lay out the regular size sheet as shown in Fig.

234 and divide the working space into four equal spaces, 5 l
/z" x 1" each. Do not

copy the dimensions given to locate views. Draw orthographic views. Do not copy
the pictures which are used to present some of the problems.

PROB. 1, Fig. 238, Space I. Draw three complete views of the RECTANGULAR
STOP BAR.

PROB. 2, Fig. 238, Space II. Draw three complete views of the GUIDE FOR
SQUARE BAR.
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FIG. 238. Probs. 1, 2, 3 and 4.
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PROB. 7, Fig. 239, Space III. Draw three complete views of the SPECIAL
WEDGE.

PROB. 8, Fig. 239, Space IV. Draw three complete views of the ADJUSTING
SLIDE. Scale 6" = 1 ft.

PROB. 9, Fig. 240, Space I. Draw three complete views of the LUG.

PROB. 10, Fig. 240, Space II. Draw three complete views of the ROD CLAMP.

PROB. 11, Fig. 240, Space III. Draw three complete views of the CHAMFERED
LOCK WASHER.

PROB. 12, Fig. 240, Space IV. Draw three complete views of the LOCKING
CATCH.

PROB. 13, Fig. 241. The picture shows a SLIDING BRACE. Lay out a sheet

with 11" x 14" working space (Fig. 234). Make a three view working drawing. Plan

the arrangement and spacing of views by making a freehand sketch which should be

submitted to the instructor.

PROB. 14, Fig. 242 The picture shows a SADDLE PIVOT. Lay out a sheet

with 11" x 14" working space. Make a three view working drawing.

PROB. 15, Fig. 243. The illustration shows the top, front and left end views of a

BRACKET. Make a three view drawing showing the front, bottom and right end views.

FIG. 240. Probs. 9, 10, 11 and 12.
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Drillj

Fia. 241. Prob. 13.

, ,,
Ig

Hole clear through

Fia. 242. Prob. 14.

FIG. 243. Prob. 15.
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189. Auxiliary Views. Center or reference lines are shown on the layouts for the

following problems. Draw auxiliary view of cut face only or of whole object as required

by the instructor. Refer to Art. 19 and note which case covers each problem.

PROS. 16, Fig. 244, Space I. Draw views given and auxiliary view.

PROB. 17, Fig. 244, Space II. Draw views given and auxiliary view.

PROB. 18, Fig. 244, Space III. Draw views given and auxiliary view.

PROB. 19, Fig. 244, Space IV. Draw views given and auxiliary view.

PROB. 20, Fig. 245. Draw the two views shown and an auxiliary view of the

FOOT PEDAL. Front view is to be complete. Top and auxiliary views will be partial

views. Do not put the location dimensions on your drawing. (11" x 14" space.)

PROB. 21, Fig. 246. Draw the view shown and as much as may be necessary of

the other two views indicated, for the ANGLE JOINT (11" x 14" space). Inclined

base is %" thick and 7" long as indicated. Its width is 3^" and the corners are

square.

IV

FIG. 244. Probs. 16, 17, 18 and 19.
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for Auxiliary View

FIG. 245. Prob. 20.
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FIG. 246. Prob. 21. 149
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190. Sectional Views. The following problems are for the study of sectional views.

Do not copy the views as given but make the required sectional views directly on your

drawing. Indicate the cut surface by section lining.

PROB. 22, Fig. 247, Space I. Draw two views of the BUSHING. Left hand

view in section.

PROB. 23, Fig. 247, Space II. Draw two views of the SPECIAL COLLAR.
Left hand view in section.

PROB. 24, Fig. 247, Space III. Draw two views of the GLAND. Left hand

view in section.

PROB. 25, Fig. 247, Space IV. Draw two views of the SHIFTING COLLAR.
Left hand view in section.

PROB. 26, Fig. 248, Space I. Draw two views of the PISTON with right hand

view in section.

PROB. 27, Fig. 248, Space II. Draw two views of the PISTON FOLLOWER
with left hand view in section.

PROB. 28, Fig. 248, Space III. Draw two views of the ECCENTRIC with the

left hand view in section.

PROB. 29, Fig. 248, Space IV. Draw two views of the PULLEY, with the right

hand view in section.

I
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of the circle will locate a point on the projection of the helix. Proceed in this way
for each of the points. It is desirable to locate extra points by taking half divisions

where the curve changes direction as at A.

192. Screws and Bolts. The following problems are representative. The student

should solve them with as little help as possible after studying the text. The pro-

portions and appearances of the screw threads and bolts occur so frequently that they

should be familiar without looking them up every time they occur on a drawing.

PROB. 30, Fig. 250. Draw I 1
/! turns of a right hand helix. Pitch 2". Diameter

2". (Space &/j' x 7".)

PROB. 31, Fig. 250. Draw I 1
/* turns of a left hand helix. Pitch 2". Diameter

2". (Space 5 1
/*" x 7".)

PROB. 32, Fig. 250. Draw four forms of screw threads in section as directed by
instructor. Pitch I". (Space 7" x 11".)

PROB. 33, Fig. 251, Space I. Draw three conventional representations of screw

threads.

PROB. 34, Fig. 251, Space II. Draw three conventional representations of threaded

holes in plan and elevation as shown.

PROB. 35, Fig. 251, Space III. Draw the stud and threaded rod ends as shown.

PROB. 36, Fig. 251, Space IV. Draw three conventional representations of

threaded holes in plan and section as shown.

PROB. 37, Fig. 252. Draw accurately, a I 1
It" bolt, 10" long, with hex head and

nut. Give specification dimensions as shown.

Right Hand Helix

SharpV
MM
U. 5. Standard

Square Acme

FIG. 250. Probs. 30, 31 and 32.
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FIG. 251. Probs. 33, 34, 35 and 36.

FIG. 252. Prob. 37, U. S. Standard Bolt. 153
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PROB. 38, Fig. 253. Make a drawing of the bolts, studs, etc., as shown in the

figure. Give specification dimensions.

PROB. 39, Fig. 254, Space I. On axis A-B draw a *//' through bolt, hex head

across corners and hex nut across flats. On axis C-D draw a I 1
/*" bolt, hex head across

flats and hex nut across corners. Give specification dimensions.

PROB. 40, Fig. 254, Space II. On axis A-B draw a 7
/s" bolt, square head across

corners and square nut across flats. On axis C-D draw a 7/" cap screw hex head

across flats. On axis E-F draw a 7
/&" cap screw hex head across corners.

PROB. 41, Fig. 254, Space III. Draw two views of collar and shaft. On axis

A-B draw a 6
/s" set screw, head across flats. On axis C-D draw same set screw, head

across corners.

PROB. 42, Fig. 254, Space IV. Draw gland and stuffing box. On axis A-B
draw a Vz" stud and nut. Show nut across flats. Make provision for the gland to

enter one half the depth of the stuffing box when nut is screwed onto stud. Show

specification dimensions.

PROB. 43. Lay out 11" x 14" working space. Draw a 1 3A" hex nut across flats

and a l z
/t" square nut across corners. Compare them as to appearance and distance

ib^uired for turning. Draw a ! 3
/4" hex nut across corners and a I 3

//' square nut across

flats. Compare them.

Fia. 253. Prob. 38. Bolt Drawing.
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FIG. 256. Prob. 45.

PROB. 47, Fig. 258.

Make a working drawing of

the ADJUSTABLE GUIDE.
Note the method of laying

out the top view. Do not

copy the picture.

PROB. 48, Fig. 259.

The front, top, and right end

views of aCOLUMN GUIDE
are shown. Draw the front

bottom and right end view as

a section.

PROB. 49, Fig. 260.

Make a three view working

drawing of the CLAMP
PIECE. Do not use the top
and front views which are

given but show the piece in

such a position that the

views will not contain so

many dotted lines.

PROB. 50, Fig. 261. Draw the top view and a section of the SUPPORT.
PROB. 51, Fig. 262. Make a working drawing of the HEAD PLATE. Show

the right hand view as a section.

PROB. 52, Fig. 263. Make a three view assembly drawing of the STEP BEAR-
ING. Show the front view as a half section. Scale 6" = 1 ft.

PROB. 53, Fig. 263. Make a separate detail drawing of each part of the STEP
BEARING. 11" x 14" working space. Scale 6" = 1 ft.

PROB. 54, Fig. 264. Make an assembly working drawing of the FOUNDATION
BOLT PLATE. Show the front view as a section. The top and right side views can

be represented as shown. Look up dimensions of 2" pipe.

PROB. 55, Fig. 265. Make a working drawing of the VALVE. Show the right

hand view with proper treatment as a section.

PROB. 56, Fig. 266. Make a working drawing of the ADJUSTING LEVER.
PROB. 57, Fig. 267, Space I. Draw front view as section with proper treatment.

PROB. 58, Fig. 267, Space II. Draw section on plane through axis.

PROB. 59, Fig. 267, Space III. Represent the bent iron by proper views.

PROB. 60, Fig. 267, Space IV. Draw a section on plane through axis.

PROB. 61, Fig. 268. Make a working drawing of the LEVER.
PROB. 62, Fig. 269. Draw two full views of the TRUNNION.
PROB. 63, Fig. 269. Draw two views of the TRUNNION, one a section through

the axis.

PROB. 64, Fig. 270. Make working drawing of the T-SLOT LEVER. Com-

pletely dimension. Consider true distances and treatment of views. Submit a pre-

liminary freehand sketch to your instructor.

PROB. 65, Fig. 271. Draw two exterior views of LUG COLLAR.
PROB. 65-A, Fig. 271. Make a working drawing of the LUG COLLAR. Show

right hand view with proper view as a section.
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PROB. 66, Fig. 272. Make a working drawing of the SPREADER in full or

section.

Dia

FIG. 257. Prob. 46.

FIG. 258. Prob. 47.



FIG. 259. Prob. 48.

158 FIG. 260. Prob. 49.
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FIG. 261. Prob. 50.

Fio. 262. Prob. 51. 159



FIG. 263. Probs. 52 and 53.
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2 Wroughtp'
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160 FIG. 264. Prob. 54.



FIG. 265. Prob. 55.

Hub I4 dtam
Ho/eJ. ' -

Fia. 266. Prob. 56. 161



FIQ. 267. Probs. 57, 58, 59, and 60.

Horizontal

162 FlO. 268. Prob. 61.



Three ho/es.^j d/'am., equally spaced
1hree ribs

Fio. 269. Probs. 62 and 63.

'g Drill

FIG. 270. Prob. 64. 163
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Three tugs equally spaced

FIG. 271. Probs. 65 and 65-A.

164 FIG. 272. Prob. 66.
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DIMENSIONING

194. The study of dimensioning will occur every time a working drawing is made.

The rules and systems given in Chapter IV should be carefully studied, and their appli-

cation observed. The location of finished surfaces and center lines must always be

considered. Go slowly and give a reason for every dimension and for its location.

Figures 274 and 275 are to be drawn from measurements obtained with the dividers and

scale. Set your dividers on the drawing as at I, Fig. 273, and then place the points on

the printed scale as at II when the reading shows the distance to be I 1
ft". Use I 1

//'

from your full size scale in laying out your drawing. Obtain other distances in the same

way using dividers and the printed scale shown near the center of Figs. 274 and 275.

PROB. 67, Fig. 274, Space I. Draw the two views of the DISTANCE PIECE,
using the method just described. Scale your drawing to nearest Vs" and put on dimen-

sion lines and dimensions.

PROB. 68, Fig. 274, Space II. Draw and dimension the views of the BUSHING.
PROB. 69, Fig. 274, Space III. Draw and dimension the views of the SLIDE.
PROB. 60, Fig. 274, Space IV. Draw the views of the CORNER CLAMP and

dimension your drawing.

PROB. 71, Fig. 275, Space I. Draw the views of the PROJECTING BEARING
and dimension your drawing.

PROB. 72, Fig. 275, Space II. Draw and dimension the views of the SUPPORT.
PROB. 73, Fig. 275, Space III. Draw the views of the HUNG BEARING and

dimension your drawing.
PROB. 74, Fig. 275, Space IV. Draw and dimension the views of the GUIDE.
PROB. 75, Fig. 74, Chap. III. Make a detail drawing of TYPE B MOTOR

BEARING DETAILS. Show views as half sections instead of full sections as given.

PROB. 76, Fig. 82, Chap. III. Make a two view drawing, both views in full for

the PULLEY. Completely dimension.

PROB. 77, Fig. 82, Chap.,
III. Make a two view drawing
one view in half section. Com-

pletely dimension.

PROB. 78, Fig. 86, Chap.
III. Make a two view drawing,

both views in full for the VER-
TICAL GUIDE. There are 8

holes equally spaced in the

flange. Completely dimension.

PROB. 79, Fig. 86, Chap.
III. Make a two view draw-

ing, one view in section. Com-

pletely dimension.

PROB. 80, Fig. 87, Chap.
III. Make a three view draw-

ing of the BOLSTER SUP-
PORT. Show views in full,

section, or half section as di-

rected by the instructor. Fia. 273.

Scale of Inches
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195. Graphical Data. Under certain conditions graphical methods may be used to

determine dimensions of machines or parts. Problems 81 and 82 may be solved by
this method. The equations for the straight lines or curves are sometimes worked

out giving formulas for use in calculation. Refer to Art. 112 before working Problems

81 and 82.

d
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Fia. 280. Eccentric Details.

PROS. 84. Make a complete two view working drawing for a steam engine piston.

Material is cast iron. Diameter of cylinder is 8". Hollow part of piston is divided

into four sections by ribs. Piston rings V" wide and l
/t" thick. Obtain dimensions

d, A, B, and C fromdiagram of Fig. 279. It will be necessary to provide a hole from

each section of the piston to allow for support of cores. These holes can be tapped
and closed with pipeplugs. There should be two shallow tapped holes in the head

end of the piston intowhich rods can be screwed to remove the piston from the cylinder.

Show method of fastening rod and piston (11" x 14" working space). Refer to Chap-
ter V.

FIG. 281. Prob. 88. 169
12
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PROB. 85. Make a complete two view working drawing of a steam piston as

described for Prob. 84 but diameter of cylinder = 14" and piston rings
6
/s" wide and

V*" thick. Divide hollow part of piston into six equal sections. Refer to Chapter V.

Body

FIG. 282. Prob. 89. FIG. 283. Prob. 90.

PROB. 86. Make a working drawing for an eccentric sheave and straps for the

diameter of shaft specified by the instructor. Dimensions not given in table are to be

worked out on your drawing. Suggestions for design are given in Fig. 280. Make a

sketch and submit for criticism before starting your drawing.

DIMENSIONS IN INCHES

Diameter of Shaft



-
! I

-1

FIG. 286. Prob. 95. C. I. PuUey.

BEARINGS AND PULLEYS
197. The following problems are based upon Chap. VL Only the elements

sidered and the ques-
tion of design is left for

books on Machine De-

sign. The catalogs of

transmission machin-

ery manufacturers can

be studied to advan-

tage.

PROB. 91, Fig. 166,

Chap. VI. Make a

working drawing of a

solid BABBITTED
BEARING. Size as

specified by instructor.

PROB. 92, Fig. 167,

Chap. VI. Make a

working drawing for

size specified by in-

structor.

PROB. 93, Fig. 168,

Chap. VI. Make an

outline drawing for size FIG. 287- Prob. 96. Special Pulley.

specified by instructor.

are con-
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4s PD. 4P 4 face
Steel spur pinion

lit SoIid Collar

COUNTERSHAFT NO. I

lTJDia.6-3"Long. Four Wontpd
Scale: I?

=
I Ft.

April 19,1920.

FIG. 288. Prob. 97. Shaft Drawing.

PROB. 94, Fig. 170, Chap. VI. Make a drawing of POST BOX for size speci-

fied by instructor.

PROB. 95, Fig. 286. Make a working drawing of the cast iron PULLEY. Show

right hand view in section.

PROB. 96, Fig. 287. Make a two view working drawing of the SPECIAL PULLEY.
Diameter of pulley is 16". There are six ribs 3

/<" thick and six holes 1" diameter

equally spaced on a 9" bolt circle. The bosses are 2Vs" diameter and l
/4

/;
out from

surface. Flange V" thick. Crown 3
/i6". Other dimensions on figure.

SHAFTING AND COUPLINGS
198. The drawings for shafting layouts must be carefully checked. Complete

details of standard bearings, pulleys, etc., are not necessary but sufficient information

should be given for purposes of ordering and erection.

PROB. 97, Fig. 288. Make a complete shafting drawing as shown.

PROB. 98, Fig. 289. Make a complete shafting drawing with all dimensions,
similar to Fig. 288, for the shaft shown in Fig. 289. The smaller pulley is 16" diameter

and the larger pulley 24" diameter. Get other dimensions from the tables given in

Chap. VI.

PROB. 99, Fig. 184, Chap. VII. Make a drawing for a SOLID SLEEVE COUP-
LING for size specified by instructor.

PROB. 100, Fig. 185, Chap. VII. Make a drawing for a CLAMP COUPLING
for size specified by instructor.

PROB. 101, Fig. 186, Chap. VII. Make a drawing for a FLANGE COUPLING
for size specified by instructor.
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Section on Plane "/(-A
"

Pictorial View of Left nd

FIG. 293. Probs. 102 to 104.

PROB. 105, Figs. 190

and 191, Chap. IX.

Make a working drawing
for the details of the FIX-
TURE. Show each part

separately. Obtain di-

mensions by use of dividers

and the scale shown on

the figure, by method de-

scribed in Art. 194.

PROB. 106, Figs. 190

and 191, Chap. IX.

Make a drawing of the complete fixture with the work in place as in the figure. Obtain

dimensions as described in Art. 194.

PROB. 107, Figs. 188 and 189, Chap. IX. Make a drawing of the JIG as shown in

the figure. Obtain dimensions by using dividers and the scale shown on the figure

by method described in Art. 194. The sketches of Fig. 293 will help in reading Fig. 189.

PROB. 108, Figs. 188 and 189, Chap. IX. Make a working drawing showing
each of the details of the jig separately. Obtain dimensions as described in Art. 194.

GEARS AND CAMS
200. The following problems are suggestive and can be easily multiplied by modi-

fying the conditions stated. For a complete study of the drafting of gears, see Anthony's
Essentials of Gearing, D. C. Heath Co., Boston.

Fia. 294. Probs. 110 to 119. 175
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FIG. 295.

in

Spur Gears.

PROB. 109, Fig. 204, Chap. IX.

Make a SPUR GEAR drawing as

shown in Fig. 204.

PROB. 110, Fig. 294. Make a

SPUR GEAR drawing similar to Fig.

204 for conditions which follow. Four
sections are shown in Fig. 295 where

a plain gear is shown at I, plain with

hub at II, webbed at III and with arms
at IV. Various combinations can, of

course, be made.

Details or dimensions not speci-

fied are to be worked out by the

student on his drawing. Letters refer

to Fig. 294. Solve problem using values given in the following table for gear specified

by instructor. Choose scale so that gear can be drawn in 11" x 14" space.

PROB.



FIG. 296. Prob. 121. Mitre Gears.

64 Throat Diameter
6 Pitch Diameter

WORM GEAR 48 Teeth 6P Sing/e /?. H. WORM Sing/e R.H.

FIG. 297. Prob. 123. Worm and Wheel. 177
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PROB. 127, Fig. 298. PLATE CAM with point contact. Motion as follows:

Up iVa inches during
1
/ 8 rev. with harmonic motion at rest during

1
/6 rev. Drop l*/2

inches during
1
/ 3 rev. with harmonic motion. At rest during Vo rev.

x = 9", y = 5", AB = P/i", OA = 3 1
/,".

PROB. 129, Fig. 298. PLATE CAM with roller 3/4 inches diameter. Same
motion as for Prob. 124. x = 9", y = 5", AB = ! 3

/4", OA = 2 3
/4".

I



PROB. 135, Fig. 298. PLATE CAM with flat follower (as in Fig. 217). Motion
and distances as in Prob. 120 except x =7".

PROB. 136, Fig. 298. PLATE CAM with flat follower. Motion and distances

as follows: Up during Ya rev. with harmonic motion. At rest Ye rev. Down during

Ys rev. with gravity motion. At rest Y rev. Dimensions as for Prob. 129.

PROB. 137, Fig. 300. Design a PLATE CAM similar to Fig. 216. Show cam
outline complete. Motion as follows: Up from A to B during Yz rev. with gravity
motion. Drop from B to A during Y4 rev. with gravity motion. At rest during Y4 rev.

W = 5", x = 2Y2", y = 3Yz", AB = 3", Ri = 10", Rz = 3Y".

PROB. 138, Fig. 300. Same as Prob. 137 but for uniform motion.

PROB. 139, Fig. 301. Draw the development of the pitch line for a CYLIN-
DRICAL CAM (as in Fig. 219) for the following motion.

Parallel to axis 2 l
fz inches during Ya rev. with harmonic motion. At rest Ye rev.

Return parallel to axis 2 1
/z inches during Y4 rev. with harmonic motion. At rest Y4 rev.

Diameter = 3". Travel = 2 1
/*".

PROB. 140, Fig. 301. Same as Prob. 139 but for gravity motion and show groove
for 3

/4" diameter roll.

PIPING DRAWINGS
201. A piping drawing is started by laying out the center lines and locating the

valves, fittings, etc., which can be shown more or less conventionally depending upon
the scale. A complete treatment of the subject is given in "A Handbook on Piping,"

published by D. Van Nostrand Co., N. Y. Study Chap. X.
PROB. 141, Fig. 302. From sketch, make a piping drawing to scale.

7 Ex heavy tee

/6 x heavy straight way
va/ve with by-/yass

END ELEVATION

FIQ. 302. Prob. 141. Piping Layout. 179
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Fig. 303. Make a drawing for a PIPE SUPPORT. These supports are made
in sizes from 4" to 72" by the Pittsburgh Piping & Equipment Company. (11" x 14"

working space.)

DIMENSIONS FOR PIPE SUPPORTS
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Fig. 304. Make a drawing for an iron body EXPANSION
JOINT for 125 Ibs. working pressure. The dimensions given
in the table are from the Pittsburgh Piping & Equipment Co.
(11" x 14" working space).

FIG. 304. Probs. 145, 146 and 147.
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5"x6" VERTICAL ENGINE

202. The problems

relating to Figures 305

to 322 comprise a set

of drawings for a 5" x

6" vertical steam en-

gine. They may be

worked as separate

problems or as a class

problem. Each prob-
lem is stated by itself

so they may be used in

any way desired by
the instructor. In

some cases one figure

refers to another for

dimensions or informa-

tion. This will require

the student to check

his drawing. A sec-

tional assembly of the

engine is shown in Fig.

305. A 5" X 6" engine
means that the diam-

eter of the cylinder is

5" and the stroke of

the piston is 6".

FIG. 305. Sectional Assembly.



PROB. 148, Fig. 306. From the sketch make a complete working drawing of the

STEAM CHEST COVER. Give proper dimensions and indicate finished surfaces.

Examine Figs. 305 and 319 to see where cover is used.

PROB. 149, Fig. 307. From the sketch make a complete working drawing of the

CYLINDER HEAD. Show one view in section. Examine Figs. 305 and 319 to see

where head is used.

PROB. 150, Fig. 308. From the sketch make a complete working drawing for the

PISTON. Supply complete dimensions.

PROB. 151, Fig. 309. Make a complete working drawing of the FLY WHEEL.
Show one view in section.

PROB. 152, Fig. 310. Make a complete working drawing of the BASE. Show
front and side views as half sections.

PROB. 152-A, Fig. 305-A. Make a working drawing of the SLIDE VALVE.
Show one view in section.

Fig. 305-A. Prob. 152-A. Slide Valve.

Holes forj sfuds

Steam Chest Cover

Fm. 306. Prob. 148. Steam Chest Cover. 183
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FIG. 307. Prob. 149. Cylinder Head.

Piston Ring

L
~\

Piston

184 FIG. 308- Prob. 150. Piston.



Six arms equally spaced

Plywheef

FIG. 309. Prob. 151. Flywheel.
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PROB. 153, Fig. 311. Make a complete working drawing for the BEARING
CAP. Show front and side views as half sections. Note babbitt and 1U" oil pipe.

Compare radii at A, B, and C with text and illustrations in Art. 121.

PROB. 154, Fig. 312. Make a detail working drawing for the valve rod STUFFING

BOX and piston rod GLAND.

PROB. 155, Fig. 313. From the given sketch make an assembly drawing of the

ECCENTRIC, with or without dimensions as directed by the instructor.

PROB. 156, Fig. 313. From the given sketch make detail drawings of the eccentric

sheave, eccentric straps, bolts and shim. Give all dimensions. Use two 11" x 14"

sheets or one large sheet, Fig. 236.

PROB. 157, Fig. 314. From the given sketch make a detail drawing of the valve

and eccentric rods.

PROB. 158, Fig. 315. From the sketch make a complete detail drawing of the

CRANK SHAFT, PISTON ROD, etc.

Bearing Cap

FIG. 311. Prob. 153. Bearing Cap.



Valve Rod Stuffing Box

ST

Valre Rod Glond

Ho/es forg studs*

P/5/0/7 Rod Gland

FIG. 312. Prob. 154. Stuffing Box Details.

Eccenf-ric Sfrap*^
Upper Ha/f

FJQ. 313. Probs. 155 and 156. Eccentric. 187



fcio. 314. Prob. 157. F-ccentric Rod, etc.

Adjusting Screw
Crosshead Pin

Piston Rod

188 FJQ. 315. Prob. 158. Crank Shaft, Piston Rod, etc.
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PROB. 159, Fig. 31 6. Make a complete working drawing of the CONNECTING
ROD.

PROB. 160, Fig. 317. Make a working drawing of the CONNECTING ROD
DETAILS. Draw views as given, complete top view of wedge and draw top view of

bronze box. Give complete dimensions. Obtain the bolt dimensions by reference to

the places where they are used. Figs. 316 and 318.

PROB. 161, Fig. 318. Make working drawing of the CRANK END BOXES for

the connecting rod. Show the end views with all full lines, but without all dotted lines.

Select dotted lines in all views carefully, omitting such as tend to confuse. Show front

view in half section. Determine a few points in curve of intersection shown at A in

top view.

PROB. 162, Figs. 316, 317, and 318. Make a two view assembly drawing of the

complete connecting rod, either with full views or part sections. Give such dimensions

as would be necessary for machining or assembling. Use a large size sheet (Fig. 236)

for this problem.

FIG. 316. Prob. 159. Connecting Rod.



Pin. Lock nuts

Wedge Bo/t
Crank End Bolt

"J

o

Wedge Block

Bronze Boxes

FIG. 317. Prob. 160. Connecting Rod Details.

Babbitt

Crank End Boxes

190 FIG. 318. Probs. 181 and 162- Crank End Boxes.
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PROB. 163, Fig. 319. Make a working drawing of the STEAM CYLINDER
showing the front view in section. Use regular sheet.

PROB. 164, Fig. 319. Make a working drawing of the STEAM CYLINDER
with following views. Front view as section on plane A-A; end view in full; complete

top view in full; section on plane B-B. Use large sheet (Fig. 236).

PROB. 165, Fig. 320. Make a working drawing of the CROSSHEAD SHOE.
Showfront view in section.

PROB. 166, Fig. 321. Make a working drawing of the CROSSHEAD BODY.
Show views given and two end views. Use judgment as to dotted lines on end views.

PROB. 167, Figs. 320 and 321. Make an assembly drawing of the Crosshead and
Shoe. Adjusting screw will be found on Fig. 315.

PROB. 168, Fig. 322. Make a working drawing of the FRAME. Work out

curves at A very carefully to give good appearance. Curves at C and D are to be found

by projection and should be analyzed carefully. Show all views as half sections. De-

tail for Bearing Cap is given on Fig. 311.

PROB. 169. Make a sectional assembly of the 5" x 6" Engine as shown in Fig.

305.

PROB. 170. Make a sectional assembly of the 5" x 6" Engine taken through the

vertical axis but at right angles to section shown in Fig. 305.

PROB. 171. Make an exterior assembly of the 5" x 6" Engine, which will show
the crosshead, connecting rod, etc.

PROB. 172. Make an exterior assembly of the 5" x 6" Engine, which does not

show the crosshead, connecting rod, etc.

T
Tap for^studs

Tap for^ studs

op for studs

Steam Cylinder

FIG. 319. Probs. 63 and 164. Steam Cj'linder.



Crosshead Shoe

Fro. 320. Prob. 165. Crosshead Shoe.

VIELW .

192 FIG. 321. Prob. 166. Crosshead.
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fr-ft"L. 1

I

FIG. 322. Prob. 168. Frame.

ASSEMBLY AND DETAIL DRAWINGS

203. The drawings of a STEP BEARING, STEAM KETTLE, and PLUNGER
PUMP are intended for reading problems as well as to give practice in applying the

principles of drafting. When assembling or detailing, check each piece with the parts

with which it is used.

PROB. 173, Fig. 323. Make detail working drawings for the parts of the STEP
BEARING. Scale 6" = 1 foot. Use two regular sheets or one large sheet.

Consider the treatment of views, number of views, etc. Do not copy the dimen-

sions but finish the views and then locate dimensions without using the book. Note

that the bolt has a special head Y^' thick and 1^" square. On the right hand

view one dimension line is shown incomplete to indicate that it is taken
"
about "

the center. This is done because the hollow space is not shown on both sides of the

center line.
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PROB. 174, Fig. 324. Make detail working drawings of the STEAM KETTLE
parts.

PROB. 175, Fig. 324. Make an assembly working drawing of the STEAM JACK-
ETED KETTLE. Draw sectional elevation or half section. Such dimensions as are

not given are to be supplied by the student. The required bolts are to be drawn and

specified. The bosses for the pipe may be about twice the outside diameter of the pipe.

I Pipe

Tap for / "c/ra/'n

Steam Jacket

FIG. 324. Probs. 174 and 175.

Completely dimension the drawing. The jacket is supported upon four supports, shown

pictorially. The flange of the kettle rests upon the flange of the jacket and is bolted to

it. Use large sheet. (Fig. 236.)



FIG. 325. Probs. 176, 177 and 178. Hand Pump.

PROB. 176, Fig. 325. Make a detail working drawing of the PUMP BODY.
PROB. 177, Fig. 325. Make a working drawing showing each detail separately

for the IVs" plunger pump, for all parts except the pump body. Use large sheet.

PROB. 178, Fig. 325. Make an exterior assembly drawing of the I 1
/*" plunger

pump. Give general dimensions only. 196



STEAM TURBINE BEARING

204. The steam turbine bearing shown in Figs. 326, 327, and 328 is for a Type 6,

B. F. Sturtevant Steam Turbine. The bearings are split to permit easy adjustment.
The two halves are held together with cap screws. The spherical seating makes the

bearing self-aligning. The rapidly revolving oiling ring takes oil from the oil pocket
and deposits it on the shaft where it is distributed by the oil grooves in the bearings.



An idea of the assembly may be had by reference to Fig. 73. The adjusting screw

(Part No. 2, Fig. 326) is used to screw through the bearing easing cover, causing the

spherical seat (Part No. 4, Fig. 326) to grip the linings (Part No. 7, Fig. 328). The

lock nut (Part No. 3, Fig. 326) is used to hold the adjusting screw in position.

198
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i i' i
This endof groovejj> dffp

I
? p Taper to

j! "deep of this and

FIG. 328. Probs. 181 to 184.

The list of parts is as follows:

1. Bearing Case Cover, Fig. 326.

2. Adjusting Screw, Fig. 326.

3. Check Nut, Fig. 326.

4. Spherical Seat, Fig. 326.

5. Oil Hole Plug, Fig. 326.

Safety Chain for Plug, not shown.

No. 8 32 Machine Screw V" long
to hold chain, not shown.

6. Bearing Case, Fig. 327.

y2
"
Pipe Plugs, not shown.

Felt Washers, not shown.

Vs" Dowel Pins, 2" long, not shown.
6
/s" Studs, 2 Vie" long, not shown.

7. Upper Bearing Lining, Fig. 328.

8. Lower Bearing Lining, Fig. 328.

9. Phoenix Metal, Fig. 328.

V*" 13 Cap Screws, not shown.

Oil Ring 5 l
/z
"
inside diameter, 6 1

//'

outside diameter.

PROB. 179, Fig. 326. Make a detail drawing of the BEARING CASE COVER.
Show the front and side views as half sections.

PROB. 180, Fig. 327. Make a detail drawing of the BEARING CASE. Show
the front and side views as half sections.

PROB. 181, Fig. 328. Make a detail drawing of the BEARING LINING. Will

go full size on large size sheet, Fig. 236. Draw front view as a half section.

PROB. 182, Figs. 326, 327, and 328. Make an exterior assembly drawing of the

complete bearing. Show two or three views as specified by instructor.

PROB. 183. Make an assembly drawing of the complete bearing showing a section

through the axis. One view only.

PROB. 184. Make an assembly drawing of the complete bearing, showing a

section at right angles to the axis. One view only.



200 FIG. 329. Prob. 185.
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SLIDE TOOL HOLDER

205. The slide tool holder shown in Fig. 329 is from a drawing supplied by the

Foster Machine Company, Elkhart, Ind., and is described by them as follows:

"Designed for boring, recessing, back facing, and like operations, this tool

combines a high degree of rigidity with adaptability. The cutters can be carried

in either of two holes. Wear on the slide of the tool can be taken up by means
of a gib. The tool adjusting screw carries a graduated dial which feature aids

materially in setting the tool. The slide tool is used on Foster turret lathes."

PROB. 185. Make detail working drawings of each part of the vertical slide tool.

Consider choice of views, treatment of views, scale, etc., very carefully. If drawn
full size larger sheets than specified in Fig. 236 will be required.

POWER PUNCHING PRESS

206. The "
Stiles

"
Punching Press, No. 2 B shown in Fig. 330 is built by the

E. W. Bliss Company, Brooklyn, N. Y., who furnished drawings from which the fol-

lowing figures were made. This type of press is made in three sizes, either as flywheel
or geared presses. Larger sheets than specified in Fig. 236 will be required. About
18" x 24" working space for a minimum if drawn to a scale of 3" = 1 ft.

207. The "Stiles" clutch is illustrated in partial assembly in Fig. 335. Views are

shown in direction of arrows "A" and "B" from the plane indicated. The clutch

collar is keyed to the shaft.

The dog holds the wheel pin in place. When the treadle is depressed one cam on

the clutch fork releases the wheel pin allowing it to engage a recess in the clutch collar

and revolve the shaft. When the treadle is released the wheel pin is pushed back into

the wheel by a wedge cam on the clutch fork and is held by the dog. Three wheel pins
are used on the flywheel of this press. Flywheel rim section 2 */4

" x 4 1
//', arms

!V4"x2Vt".

PROB. 186, Fig. 331. Make a working drawing of the FRAME. Show top view
in full and necessary sections. Do not simply copy the sketch but consider treatment
of views.

PROB. 187. Make detail drawings of the separate parts as directed by your
instructor. It will be necessary to study the complete machine in order to check the

parts. Use small or large standard sheets, Fig. 234 or Fig. 236. Several sheets will be

required. Plan the arrangement of parts and treatment of views.

PROB. 188. Make an assembly drawing of the complete press. Show all parts
in their working positions. Section such parts as are necessary to show the construction

clearly. Choose scale and plan views for instructor's criticism. Work carefully to

check details. Drawing must be accurate. Do not dimension. Study clutch as given
on details and in Fig. 335.

PROB. 189. Make an exterior or full view assembly drawing of the press. Do not

show hidden surfaces. Give set-up and space dimensions only.

14
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FIG. 330. Press.
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FIQ. 331. Trobs. 186 to 189.
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Eccentric
One -Machine 3tee/ (Drop Forge)

Connection Bushing *-4
~

One - Bronze

SLIDE DETAILS

FIG. 332. Probs. 187, 188 and 189.
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FIG. 333. Probs. 187, 188 and 189.
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Flywheel
One- Casf- Iron

30'Dia. *4&Face *2J Bom
350 Lbs.

Sample used for
exact shape

rf -3/'~

-2g-

J

Samp/e i/sec/ for

exacf shape :^KL

t^lJEhRfc^.

sfafSl5f
Wheel Pin

One - Too/ Sfee/
Dog

One- Tool Sfeel

Bushing
One- Bronze

^4-

Taper P/n
One-Machine Sfee/

No 15 BW.G.
/4 Co//s per 3inches

Wheel P/n
Wire

No. 17 8W G.
13 Coi/s per ^ inches

Dog Spring
CLUTCH DETAILS

FIG. 334. Probs. 187, 188 and 189.
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-Fork Connect/'on

View in direction ofarrow "A

m
FIG. 335. Clutch Assembly.

AMMONIA PUMP END
208. A pump for ammonia must be constructed entirely of iron or steel. The

operation of the water end of an ordinary reciprocating pump should be understood

before starting this problem. Fig. 336 shows an ammonia pump cylinder and Fig. 337

some suggested details. If possible it would be well for the student to refer to "Pump-
ing Machinery" by A. M. Greene. Choose scales for details carefully, either full size

or half size depending upon the piece. Cylinder diameter 3^". Stroke 12".

PROB. 190. Fig. 336. Make a detail working drawing of the ammonia PUMP
CYLINDER. Show top view in full, front view as a half section on planes indicated,

a cross section, and a full end view. Large sheet, Fig. 236.

PROB. 191, Fig. 337. Make a working drawing of the AIR CHAMBER. (11"
x 14" space.)

PROB. 192, Fig. 337. Make a working drawing of the valves, valve seats, and

plugs. The sketches are suggestive. Wing valves are shown but ball valves may be

used with advice of the instructor. A partial assembly showing the valves in place

may be necessary in order to determine dimensions. It should be possible to remove

the suction valve without taking out the discharge valve seat. The lift of a valve to

give full opening is one fourth the diameter but the practical lift is about one half this

amount. Use 11" x 14" space.

PROB. 193, Fig. 337. Make a working drawing of the PISTON. (Il"xl4"
space.) Sketch is suggestive only.

PROB. 194, Fig. 337. Make a working drawing of the outside CYLINDER
HEAD. Consider method of making joint (11" x 14" space).

PROB. 195, Fig. 338. Make a working drawing of the inside CYLINDER HEAD
and double stuffing box. Note the opening from between the two packing spaces which

connects with the suction chamber of the pump cylinder. The three tie rods hold the

pump cylinder and steam cylinder in alignment. The steam cylinder is not part of our

problem. (11" x 14" space.)
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| | Y Air Chamber

fa-at,

FIG. 337. Ammonia Pump Details.

PROB. 196, Fig. 337. Make a working drawing of the FOOT or support. (11"
x 14" space.)

PROB. 197, Figs. 336, 337, and 338. Make an assembly drawing of the ammonia

pump end. Show two sectional views with all parts in working positions. Use cutting

planes which are shown on the pump cylinder drawing. This will require a special

size large sheet.

CylinderHeaa

Fia. 338. Inside Cylinder Head.

PROB. 198, Figs. 336, 337, and 338. Make an exterior assembly drawing of the

ammonia pump end.
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Accuracy and neatness, 6

Acme screw thread, 14

Alternate sectioning, 52

Angles, 35

Angles and tapers, to dimension, 66

Arcs, dotted, 4

joining, 4

Arcs and curves, dimensioning, 65

Area, projected, 7

Arm detail, 106

Arms, pulley, 94

Arrow head, form of, 60

Art gum, 6

A. S. M. E. standards, 11

symbols for sections, 49

Assembly drawings, 43

to make, 43

Auto bolts, 26

Automotive Engineers, Society of, 11

Auxiliary, view chart, 10

views, 9

Axioms for fixture designer, 108

B

Babbitted bearing, solid, 88

Babbitted boxes, 87

Ball cranks, 82

Beam detail, 104

Bearing, split, 88

Bearings, 86-95

Belt, length of, 91

Bending and twisting, shafts for, 99

Bill of material, 45

"Blacked in" section, 52

"Blocking in" lines, 40

Blue printing, 43

Bolt chart, 21

drawing, 22

head, rounded, 22

to draw, 19-21

Bolt holes, 56

list, 45

Bolting, flange, 28

Bolts, and studs, 23

miscellaneous, 26

S. A. E., 26

strength of, 28

U. S. Standard, 18

Boxes, bearing, 86

stuffing, 82

Bushings, 110

Butt joints, 35

Calking, 32

Cams, 114-125

Capital letters, 11

Cap screws, 24

dimensions of, 25

Cases of dimensioning, 61

Cast iron pulley, 95

Cast iron washers, 37

Center lines, uses of, 40

"Center to center" dimensions, 70

Chain dimensions, 64

Chain riveting, 34

Chamfered bolt, 18

Champion Rivet Co., 32

Channel bar, 35

Chart, auxiliary view, 10

bolt, 21

dimensioning, 61

graphic, 74

pulley crowning, 94

Checking drawings, 71

Circle of drilling, 28

Clamp couplings, 101

Clamps, 110

Classes of drawings, 38

Clutch couplings, 102

Complete section, 47

Connecting rods, 78

210
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Contour and continuity, 54

Conventional drawings of screwthreads, 15

Conventional treatment, 56

Couplings, 96-103, 100

Cranks, 79

beU, 80

Crosshead, 77

Cross section, 50

Crowded dimensions, 66

Crowning pulley, 94

Curved surfaces, projection of, 8

Curves, to dimension, 65

Cylindrical tanks, 35

Data, graphical, 73

Design, fixture, 106

Detail drawing, to make, 40

Detail drawings, 39

Details, engine, 74

machine, 73-85, 168-171

shaft, 100

standard, 110

Developed section, 53

Diameters of shafts, 96

Dimension line, 59

Dimensioning, 59-72

studies, 165

wood constructions, 67

Dimensions, crowded, 66

from curve, 74

of cap screws, 25

of couplings, 101, 102, 103

of rivet heads, 33

of S. A. E. bolts, 27

of solid sleeve couplings, 100

of standardized bushings, 110

of steel washers, 37

of U. S. Standard bolts and nuts, 23

of U. S. Standard thread, 17

of Woodruff keys, 31

limit, 69

Dotted lines, 4

Dotted section, 53

Drawing, bolt, 22

idioms of, 46

machine, 1, 38-58

shaft, 67

Drawing, three view, 6

Drawing pencils, 1

Drawings, assembly, 43

classes of, 38

detail, 39

jig and fixture, 104

outline, 44

piping, 126-141

record of, 44

shop, 7

titles for, 12

to check, 71

to read, 7

working, 38

Drilling, circles of, 28

Drilling jig, 105

Drilled hole, point of, 17

Drive screw, 26

E

Eccentric, 78

Elementary principles, 1-13

Elements of dimensioning, 60, 61

Engine details, 74

Engineering handbooks, 9

Erasing, 5

Erasing shield, 6

Extension line, 59

Eye bolt, 26

Fastenings, 14-37

Feather key, 32

Fillets, 83

Fillister head, 26

Finish mark, 60

Finished surface, 60

Finishing, methods of, 65

Fittings list, 46

Fixtures, 104-113

Flange couplings, 102

drilling, 56

outlines, 85

Flanges, 84

Flanges and bolting, 28

Forms of screw threads, 15

Fractions, slant, 11

Full gasket, 30



212 INDEX

Gas engine piston, 77

Gaskets, 30

Gate valves, 131

Gears, 114-125

General rules for dimensioning, 70

Gib key, 30

Globe valves, 131

Graphical data, 73

Gears, 114-125

bevel, 117

spur, 116

teeth, 115

Half section, 48

Handbooks, engineering, 9

Handles, 80

Hanger, bearing, 89

Helix, to draw, 151

"Herring bone" section, 52

Holes, in flanges, 56

threaded, 16

Hook bolt, 26

Horsepower, by belts, 92

by shafts, 97

Hubs, pulley, 93

I-beam, 35

Idioms of drawing, 46

Ink, to erase, 6

Inking, 2

Inking, order of, 4, 42

Instructions, preliminary, 143

Interchangeable manufacture, 68

Jig drawing, 104

Jigs, 104-113

Joints, butt, 35

lap, 33

riveted, 34

Keys, 29

dimensions of, 31

taper of, 30

Keyseats, 94

Kinds of motion, 122

Lag screw, 26

Lap, of rivets, 34

Lap joints, 33

Layout, standard, 143

Lead, of screws, 14

Length of belt, 92

Lettering, 12

Letters, capital, 11

lower case, 12

Levers, 80

classes of, 80

Lewis Key, 31

Limit dimensions, 69

Line, dimension, 59

Lines, base, 40

character of, 5

dotted, 4

variation in, 5

Lines and arcs, joining, 4

List, bolt, 45

Location dimensions, 61

Location of dimensions, 64

Lock nuts, 27

Locomotive piston, 76

Lower case letters, 12

M
Machine details, 73-85, 168-171

drawing, 1, 38-58

handles, dimensions of, 81

operations, 73

screws, 24

Machined surface, 60

Manufacture, interchangeable, 68

Material list, 45

Measurements to scale, 3

Metals, bearing, 86

Methods of finishing, 65

Miscellaneous screws, 26

N

Notation of dimensioning, 59

Nut, to draw, 19-21
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Nuts, lock, 27

to draw, 19

Objects not sectioned, 50

Order of Inking, 42

Osborn symbols, 36

Outline, drawing, 44

"Overall" dimensions, 70

Pen ruling, 3

use of, 3

Pencils, drawing, 1

sharpening, 1

"Phantom" section, 53

Pins and screws, support, 109

Pins and washers, 36

Pipe list, 46

Pipe thread, 18

Piping drawings, 126-141

Pistons, 75

Pitch, of rivets, 34

of screws, 14

of gears, 115, 117

Plain key, 30

Plane, imaginary cutting, 9

Plane of section, 47

Pointing lines, 60 /
Positions of views, 8

Post box, 90

Printing, blue, 43

Problems and studies, 143-209

Projected area, 7

Proportions of keys, 30

Proportions of pulleys, 93

Pulleys, 86-95, 114

forms of, 90

Radii, limiting, 83

Reading a drawing, 7

Record strip, 13

Representations of screw threads, 15, 17

Revolved sections, 50

Ribs, representation of, 56

treatment < f, 51

Rims, pulley, 93

Ring, gasket, 30

Ring, piston, 76

Rivet heads, 32

holes, 32

spacing, 36

Riveting, 32

Rivets, dimensions of, 33

Rods, connecting, 78

Rounded, bolt, 18

Rules for dimensioning, 70

Ruling pens, 3

S.A.E. bolts, 26

dimensions of, 27

Scales, 2, 3

architect's, 2, 3

flat, 2

triangular, 2

use of, 2

Screw threads, 14

specifications of, 18

Screws, cap, 24

machine, 25

miscellaneous, 26

set, 25

support, 109

Section, complete, 47

half, 48

non-continuous, 57

through rib, 51

without dotted lines, 46

Sectional views, 9, 47

Sectioning symbols, 49

Sections, of screw threads, 17

"sliced," 47

uses of, 49

Set screws, 25

Shaft details, 100

Shaft drawing, 67

Shafting, 96-103

Shafts, to dimension, 66

Shoe, crosshead, 77

Shop, appliances, 111

Shop drawings, 7

Size dimensions, 61, 63

Slant fractions, 11
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Slanting dimension lines, 64

Sleeve couplings, 100

"Sliced" section, 47

Spacing, bolt, 28

rivet, 36

Special views, 57

Split bearing, 88

Square jaw couplings, 103

Square keys, 30

Square threads, 14, 16

Staggered dimensions, 64

Staggered riveting, 34

Standardized appliances, 111

Standardized bushings, 110

Standard parts for jigs and fixtures, 109

sizes of shafting, 96

U. S. bolts, 18

Standards A. S. M. E., 11

Automotive, 11

Steam turbine, 38

Steel plate connections, 35

Steel shapes, 36

Steel washers, 37

Step bearing, 86

Stove bolts, 26

Strength of bolts, 28

Stud, 22

Stuffing boxes, 82

Support pins and screws, 109

Surfaces, curved, projection of, 8

machined, 60

Symbols, A. S. M. E. section, 49

Osborn, 36

Systems of dimensioning, 62

"T" slots, 112

Table, cap screws, 25

couplings, 101, 102, 103

keys, 31

rivets, 33

S. A. E. bolts, 27

standardized bushings, 110

steel washers, 37

strength of U. S. screw threads, 29

Table, U. S. Standard bolts, 23

U. S. Standard screw threads, 17

Tanks, cylindrical, 35

Tap bolt, 22

Taper of keys, 30

Tapers, to dimension, 66

Tension, belt, 92

Titles, 12

contents of, 12

Threads, screw, 14

Through bolt, 22

Tracing, 42

True length view, 56

Turbine, steam, 38

U

Uses of screw threads, 14

U. S. screw threads, strength of, 29

U. S. Standard bolts, dimensions of, 23

U. S. Standard bolts and nuts, 18

chart, 21

U. S. Standard screw threads, 17

Valves, 130-134

gate, 131

globe, 13

Velocity ratio, 114

View, true length, 56

Views, auxiliary, 9

placing of, 8, 9

sectional, 9, 47

special, 57

W
Washers, lock, 27

Washers and pins, 36

Wood constructions, 67

Wood pulley, 95

Woodruff keys, 31

sizes used, 31

Working drawings, 38

Z-bar, 35
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